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Description
TECHNICAL FIELD

[0001] The present invention relates to a display device, such as an active matrix liquid crystal display device, which
is switchable between a public and private display mode.

BACKGROUND ART

[0002] In a first, public, mode of a display device that is switchable between a public and private display mode, the
device commonly behaves as a standard display. A single image is displayed by the device to as wide a viewing angle
range as possible, with optimum brightness, image contrast and resolution for all viewers. In the second, private mode,
the main image is discernible only from within a reduced range of viewing angles, usually centred on the normal to the
display surface. Viewers regarding the display from outside this reduced angular range will perceive either a second,
masking image which obscures the main image, or a main image so degraded as to render it unintelligible.

[0003] . This concept can be applied to many devices where a user may benefit from the option of a privacy function
on their normally wide-view display, for use in certain public situations where privacy is desirable. Examples of such
devices include mobile phones, Personal Digital Assistants (PDAs), laptop computers, desktop monitors, Automatic
Teller Machines (ATMs) and Electronic Point of Sale (EPOS) equipment. Such devices can also be beneficial in situations
where it is distracting and therefore unsafe for certain viewers (for example drivers or those operating heavy machinery)
to be able to see certain images at certain times, for example an in car television screen while the car is in motion.
[0004] Several methods exist for adding a light controlling apparatus to a naturally wide-viewing range display.
[0005] One such structure for controlling the direction of light is a ’louvred’ film. The film consists of alternating trans-
parent and opaque layers in an arrangement similar to a Venetian blind. Like a Venetian blind, it allows light to pass
through it when the light is travelling in a direction nearly parallel to the layers, but absorbs light travelling at large angles
to the plane of the layers. These layers may be perpendicular to the surface of the film or at some other angle. Methods
for the production of such films are described in a USRE27617 (F.O. Olsen; 3M 1973), US4766023 (S.-L. Lu, 3M 1988),
and US4764410 (R.F. Grzywinski; 3M 1988).

[0006] Other methods existfor making films with similar properties to the louvred film. These are described, for example,
in US05147716 (P.A. Bellus; 3M 1992), and US05528319 (R.R. Austin; Photran Corp. 1996).

[0007] Louvre films may be placed either in front of a display panel or between a transmissive display and its backlight
to restrict the range of angles from which the display can be viewed. In other words, they make a display "private".
[0008] The principal limitation of such films is that they require mechanical manipulation, i.e. removal of the film, to
change the display between the public and private viewing modes.

[0009] A method for switching from public to private mode with no moving parts is to mount a light control film behind
the display panel, and to place a diffuser which can be electronically switched on and off between the light control film
and the panel. When the diffuser is inactive, the light control film restricts the range of viewing angles and the display is
in private mode. When the diffuser is switched on, it causes light travelling at a wide range of angles to pass through
the panel and the display is in public mode. It is also possible to mount the light control film in front of the panel and
place the switchable diffuser in front of the light control film to achieve the same effect.

[0010] Switchable privacy devices of these types are described in US5831698 (S.W. Depp; IBM 1998), US6211930
(W. Sautter; NCR Corp. 2001) and US05877829 (M. Okamoto; Sharp K.K. 2001). They share the disadvantage that the
light control film always absorbs a significant fraction of the light incident upon it, whether the display is in public or
private mode. The display is therefore inefficient in its use of light. Since the diffuser spreads light through a wide range
of angles in the public mode, these displays are also dimmer in public than in private mode, unless the backlight is made
brighter to compensate.

[0011] Another disadvantage relates to the power consumption of these devices. In the public mode of operation, the
diffuser is switched off. This often means that voltage is applied to a switchable polymer-dispersed liquid crystal diffuser.
More power is therefore consumed in the public mode than in the private mode. This is a disadvantage for displays
which are used for most of the time in the public mode.

[0012] In GB2413394 (Sharp), a switchable privacy device is constructed by adding one or more extra liquid crystal
layers and polarisers to a display panel. The intrinsic viewing angle dependence of these extra elements can be changed
by switching the liquid crystal electrically in the well-known way. Devices utilising this technology include the Sharp
Sh851i and Sh902i mobile phones.

[0013] WO06132384A1 (Sharp, 2005) discloses the use of an extra liquid crystal layer located between the existing
polarisers of a liquid crystal display (LCD) panel. In this location, the extra switch cell can modify the greyscale curves
for off axis light. This provides a higher level of privacy for images than the techniques disclosed in GB2413394.
[0014] GB24-39961 (Sharp) discloses the use of a switchable privacy device constructed by adding an extra cholesteric
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layer and circular polarisers to a display panel. The cholesteric layer can be switched between a public (wide view) mode
and a private (narrow view) mode that can provide 360° azimuthal privacy.

[0015] The above methods all suffer the disadvantage that they require the addition of extra apparatus to the display
to provide the functionality of electrically switching the viewing angle range. This adds cost, and particularly sulk to the
display, which is very undesirable, particularly in mobile display applications such as mobile phones and laptop computers.
[0016] Methods to control the viewing angle properties of an LCD by switching the single liquid crystal layer of the
display between two different configurations, both of which are capable of displaying a high quality image to the on-axis
viewer are described in US20070040780A1 and GB 0721255.8 (GB2455061). These devices provide the switchable
privacy function without the need for added display thickness, but require complex pixel electrode designs and other
manufacturing modifications to a standard display.

[0017] One example of a display device with privacy mode capability with no added display hardware complexity is
the Sharp Sh702iS mobile phone. This uses amanipulation of the image data displayed on the phone’s LCD, in conjunction
with the angular data-luminance properties inherent to the liquid crystal mode used in the display, to produce a private
mode in which the displayed information is unintelligible to viewers observing the display from an off-centre position.
However, the quality of the image displayed to the legitimate, on-axis viewer in the private mode is severely degraded.
A similar scheme to that used on the Sh702iS phone, but which manipulates the image data in a manner dependent on
a second, masking, image, and therefore causes that masking image to be perceived by the off-axis viewer when the
modified image is displayed, is given in GB2428152A1 (and in US 2007/0040780). However, the image processing
methods described in the above document rely on the data-value to luminance curve being strongly non-linear for off-
axis viewing directions, which is not the case for modern LC display modes such as "Advanced Super View" (ASV)
(IDW’02 Digest, pp 203-206) or Polymer Stabilised Alignment (PSA) (SID’01 Digest, pp 1200-1203). As a result, the
privacy effect is not sufficiently strong in these displays in some circumstances to disguise the main image.

[0018] It is therefore desirable to provide a high quality LCD display which has public and private mode capability, in
which no modification to the LC layer or pixel electrode geometry is required from a standard display, has a substantially
unaltered display performance (brightness, contrast resolution etc) in the public mode, and in the private mode has a
strong privacy effect with minimal degradation to the on axis image quality.

[0019] US 2007/0075950 discloses a liquid crystal display device having a privacy display mode in which a display
image is displayed witch a display luminance range of the display image being limited.

DISCLOSURE OF THE INVENTION

[0020] According to a first aspect of the present invention there is provided a display device comprising a liquid crystal
display panel for displaying an image by spatial light modulation. The image is represented by a plurality of image
elements each having an image data value. The display device further comprises a display controller arranged to
determine a signal voltage to be applied to the panel for each image element in dependence upon its image data value
and a secondary data value for the element, there being a predetermined mapping between the image and secondary
data values and the signal voltage. The secondary data values are arranged to vary across the image so as to introduce
variations in luminance as a result of the mapping. The mapping and secondary data values are mutually arranged to
take account of the signal voltage to on-axis luminance response of the panel so that the luminance variations introduced
on-axis tend to balance locally through spatial averaging in the eye of, and hence would not be perceivable by, an on-
axis viewer. The panel furthermore has a non-linear off-axis luminance to on-axis luminance relationship, so that at least
some of the luminance variations introduced off-axis do not balance locally through spatial averaging in the eye of, and
hence would be perceivable by, an off-axis viewer. Each secondary value comprises a side data value and a spatial
data values. The display controller comprises mapping circuitry having respective inputs for receiving the image data
value, the side data value and the spatial data value for an image element of the plurality, circuitry for looking up a stored
value in dependence upon the input data values, and an output for outputting the stored value, the signal voltage for the
image element being determined in dependence upon the output value. The spatial data value indicates which of two
or more groups of the stored values the image element is deemed to be in based on its spatial position. The side data
values together form a side image that is perceivable by the off-axis viewer.

[0021] The mapping and secondary data values may be mutually arranged such that, for each of a plurality of groups
of image elements perceived by a viewer as having a single luminance through spatial averaging, any increase in
luminance introduced by the secondary data value or values of one subset of elements in the group is substantially
matched by a substantially equal decrease in luminance introduced by the secondary data value or values of another
subset of elements in the group, at least where the respective image data values of the elements in the subsets are equal.
[0022] At least some of the groups may comprise a pair of image elements, the secondary data value for one of the
image elements of the pair being arranged to introduce an increase in luminance of an amount, and the secondary data
value for the other image element of the pair may be arranged to introduce a decrease in luminance by substantially the
same amount, at least where the respective image data values of the two image elements of the pair are equal.
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[0023] Theluminance change introduced by the secondary data value may be determined such that either the resulting
luminance of one of the image elements of the pair is close to a maximum luminance or the resulting luminance of the
other image element of the pair is close to a minimum luminance.

[0024] The on-axis luminance response of the display panel may be non-linear with respect to variations in the image
data value.

[0025] The spatial data value may control at least in part whether a luminance increase or decrease is introduced by
the secondary data value and the side data value may control at least in part an amount of the luminance increase or
decrease.

[0026] The side data values may together form a distracting side image that is perceived by the off-axis viewer.
[0027] The original image may to some extent be hidden in the image perceived by the off-axis viewer, preferably
substantially hidden, so as to provide a privacy effect off-axis. In this respect, the image perceived by the off-axis viewer
may be different to the original image by the introduction of at least some degree of visually confusing information,
preferably a high degree of visually confusing information.

[0028] The display device may comprise means to reduce the resolution of the side image, so as to introduce localised
blocks having side data values of equal value.

[0029] Themappingmay incorporate a conversion of the image and side data values to equivalent respective luminance
values in dependence upon a property of the display panel.

[0030] The property may comprise a gamma value y associated with the display panel, and wherein the equivalent
luminance value M|, of an image data value M, is calculated as M| ,,, = M,,Y and the equivalent luminance value S,
of a side data value S, is calculated as S ,,, = S, with each of M| ., Min, S| um @nd S;,, being represented on a scale
from O to 1.

[0031] The mapping may incorporate a transformation of the equivalent luminance value for the image data value.
[0032] The transformation may be asymmetric.

[0033] The transformation may comprise a scaling and translation of the form MCmp =B.M_ym, *+ 8, where B and & are
predetermined respective scaling and translation parameters, M|, is the equivalent luminance value for the image data
value and Mg, is the scaled and translated value for the image data value, with M, and M, being represented on
a scale from 0 to 1.

[0034] B may be a value between 0.35 and 0.55. 3 may be a value between 0.02 and 0.08.

[0035] B may be a value between 0.42 and 0.5. 8 may be a value between 0.03 and 0.07.

[0036] The transformation may be dependent upon the side data value.

[0037] Different values for  and 3 may be used depending on the side data value.

[0038] The off-axis to on-axis relationship may have a first section which is more non-linear than a second section,
and a first subset of the image elements may be transformed in a first manner so that the transformed luminance range
has a first degree of overlap with the first section, and a second subset of the image elements may be transformed in a
second manner, different to the first manner, so that the transformed luminance range has a second degree of overlap
with the first section, the first degree of overlap being larger than the second degree of overlap.

[0039] P may be replaced by x., where x takes a first value for those image data values of the first subset, and a
second value, different from the first value, for those image data values of the second subset.

[0040] The first value may be lower than the second value, such as 0. and 1 for the first and second values respectively.
[0041] The mapping may incorporate a transformation of the equivalent luminance value for the side data value.
[0042] The transformations may be of the form S, =S, X (0.5 - [Mgpm, - 0.5]), where S, is the equivalentluminance
value for the side data value and S, is the transformed equivalent luminance value for the side data value, with S,
and Sy, being represented on a scale from 0 to 1.

[0043] A minimum value greater than zero may be specified for the transformed equivalent luminance value for the
side data value.

[0044] The display device may comprise circuitry for adding or subtracting a multiple of the transformed equivalent
luminance value for the side data value to/from the transformed equivalent luminance value for the image data value,
the choice between addition and subtraction being made in dependence upon the spatial data value.

[0045] The multiple may be 1.

[0046] Different multiples may be used for different subsets of image elements.

[0047] Thedisplay device may comprise circuitry for subtracting a first multiple of the transformed equivalent luminance
value for the side data value for a first subset of image elements, and adding a second multiple of the transformed
equivalent luminance value for the side data value for a second subset of image elements, the number of image elements
in the second subset being N times that in the first subset, and the first multiple being N times the second multiple.
[0048] The off-axis to on-axis relationship may have a first section which is more non-linear than a second section,
and wherein the amount of luminance change introduced by the secondary data value is determined so as to be greater
where the equivalent luminance value for an image data value lies in the second section than where the equivalent
luminance value lies in the first section.
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[0049] Thedisplay device may comprise circuitry for determining the spatial data value from spatial information relating
to the image element.

[0050] The spatial information may comprise horizontal and vertical image coordinates associated with the image
element.

[0051] Fewer side data values may be provided than there are image data values, with at least one side data value
being used for a plurality of different image data values.

[0052] Fewer spatial data values may be provided than there are image data values, with at least one spatial data
value being used for a plurality of different image data values.

[0053] Fewer secondary data values may be provided than there are image data values, with at least one secondary
data value being used for a plurality of different image data values.

[0054] The display device may comprise circuitry for filtering the image, as represented by the image data values, to
add an amount of blur preferentially to any higher frequency image features such as lines.

[0055] The output value may be used as the signal voltage.

[0056] The display panel may comprise a plurality of pixels each having a plurality of colour components, and wherein
each image element is associated with an individual such colour com ponent.

[0057] The image elements of the pair may relate respectively to the same colour component of different pixels.
[0058] The image elements of the pair may be from horizontally or vertically adjacent pixels.

[0059] Differentconversions may be used respectively for atleast two colour components, based on differentrespective
properties of the display panel associated with those components.

[0060] The first subset may comprise image elements from different respective pixels, each image element of the first
subset being associated with a different colour component.

[0061] The display device may comprise means for increasing the non-linearity of the off-axis luminance to on-axis
luminance relationship.

[0062] It will be appreciated that exact local balancing of the luminance variations introduced on-axis by the secondary
data values is not required for satisfactory operation of an embodiment of the present invention, it merely being required
that the luminance variations have a tendency to balance or cancel each other out locally. For example, the device may
operate such that exact luminance balancing is only achieved in a localised region where the image data values are
uniform in that region, since the amount of luminance change introduced by the secondary data values may depend
upon the image data values themselves. Certainly, the changes introduced in an embodiment of the present invention
are luminance-based rather than data value-based, the mapping taking account of the signal voltage to on-axis luminance
response of the panel to achieve this luminance balancing for the secondary data values being input to the mapping.
[0063] An embodiment of the present invention provides a liquid crystal display with switchable privacy function. In
the public mode, the display operates in a substantially unaltered manner from a standard LCD, in that for each frame
ofthe video displayed, data constituting a single image, is supplied to the display control electronics, the control electronics
then output a series of signal voltages and timing signals to the active-matrix array of the display, and these voltages
reorient the liquid crystal director within each pixel in such a way that the required amount of light is transmitted by each
pixel through the display polarisers to cause the image to be displayed.

[0064] In the private mode, the display controller outputs signal voltages which are dependent on two input images,
the main image for observation by the legitimate viewer on-axis, and a side image which may be chosen either to obscure
the main image for off-axis viewers or degrade the main image when viewed off axis. It should be noted that the display
controller still outputs the same quantity of signal voltage information (a voltage for each pixel in the display) as in the
public mode. It is simply that those output voltages are now dependent on the image data values of two, rather than
one, input images.

[0065] The result of the output signal voltages is that the main image is still perceived by the on-axis viewer while,
due to the data value to luminance response of the display differing on and off axis, the side image is seen by the off-
axis viewer, substantially obscuring or degrading the main image and thereby rendering it private.

[0066] An embodiment of the present invention disclosed herein constitutes an LCD display with control electronics
modified from the standard in order to allow it to output signal voltages which are dependent on one image in the public
mode and two images in the private mode. It also constitutes specific relationships between the output signal voltages
and the two input images which result in the main image being observed by the on-axis viewer with image quality as
close as possible to that as would be observed if the main image were displayed in the public mode, and the side image
simultaneously being observed by the off-axis viewer with optimal obscuring or degrading effect on the main image.
[0067] The implementation of the image processing method in GB2428152A1 (mentioned previously) is described as
an extra step in the display control electronics process, resulting in the generation of a "combined image" dataset which
is then input to a standard display driver. The present applicant has appreciated that this is not necessary, and the extra
step can be eliminated simply by incorporating an expanded version of the existing look-up table, and increased frame
buffer to store the side image also, in the control electronics. No active processing of the images therefore need take
place in the display electronics.
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[0068] The foregoing and other objectives, features, and advantages of the invention will be more readily understood
upon consideration of the following detailed description of the invention, taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069]
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Figure 1: is an example schematic of a standard LCD display panel and associated control electronics.

Figure 2: is an example of a standard LCD controller data value to output voltage mapping (look-up table).

Figure 3:is a schematic of a display according to an embodiment of the present invention operating in the public mode.
Figure 4: is an example of the expanded look-up table required for operation of a device according to a preferred
embodiment.

Figure 5: is a schematic of a display according to an embodiment of the present invention operating in the private
mode.

Figure 6: is a schematic illustrating how a portion of the control electronics of a preferred embodiment may be
implemented in an electronic circuit.

Figure 7: is a further schematic illustrating how a portion of the control electronics of a preferred embodiment may
alternatively be implemented in an electronic circuit.

Figure 8: is a graph illustrating the on-axis data value to luminance response and method of operation of a device
in the prior art.

Figure 9: is a graph illustrating the off-axis data value to luminance response and method of operation of a device
in the prior art.

Figure 10: is a graph showing the measured on and off-axis data value to luminance response of an LCD display
of the Advanced Super View (ASV) Liquid Crystal mode.

Figure 11: is a graph of the data shown in Figure 10, adjusted to show the on and off axis luminance as a function
of the on-axis luminance for all data values.

Figure 12: is a graph showing the resulting output equivalent luminance values as a function of input image data
value according a transformation relation of an embodiment of the present invention.

Figure 13: is a graph showing the resulting output equivalent luminance values as a function of input image data
value according a transformation relation of a further embodiment of the present invention.

Figure 14: is a graph showing the resulting output equivalent luminance values as a function of input image data
value according a transformation relation of a still further embodiment of the present invention.

Figure 15A: is a graph illustrating differential LC response times in two display pixels switching to their average
value resulting in a transient change in their average value.

Figure 15B: is a graph corresponding to that of Figure 15A, showing the result of using a bit-depth of greater than
one for the side image data.

Figure 16: is a schematic illustrating variations on the spatial patterning of transformations in equivalent pixel lumi-
nance values which maintain the same average value within a localised group, according to an embodiment of the
present invention.

Figure 17: is a process flow diagram illustrating the method of displaying an image dependent on two input images,
according to an embodiment of the present invention.

Figure 18: is a graph illustrating the increase in nonlinearity of the off-axis to on-axis luminance curve of an LCD
that may be obtained by expanding the normal range of operating pixel voltages used, according to an embodiment
of the present invention.

Figure 19: is a graph showing the resulting output equivalent luminance values as a function of input image data
value according to a transformation relation of a still further embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0070] In a preferred embodiment, the display consists of a standard LCD display, with modified control electronics.
An LCD display generally consists of several component parts including:

1. A backlighting unit to supply even, wide angle illumination to the panel.

2. Control electronics to receive digital image data and output analogue signal voltages for each pixel, as well as
timing pulses and a common voltage for the counter electrode of all pixels. A schematic of the standard layout of
an LCD control electronics is shown in Figure 1 (Ernst Lueder, Liquid Crystal Displays, Wiley and sons Ltd, 2001).
3. An LC panel, for displaying an image by spatial light modulation, consisting of a two opposing glass substrates,
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onto one of which is disposed an array of pixel electrodes and active matrix array to direct the electronic signals,
received from the control electronics, to the pixel electrodes. Onto the other substrate is usually disposed a uniform
common electrode and colour filter array film. Between the glass substrates is contained a liquid crystal layer of
given thickness, usually 2-6 wm, which may be aligned by the presence of an alignment layer on the inner surfaces
of the glass substrates. The glass substrates will generally be placed between crossed polarising films and other
optical compensation films to cause the electrically induced alignment changes within each pixel region of the LC
layer to produce the desired optical modulation of light from the backlight unit and ambient surroundings, and thereby
generate the image.

[0071] An embodiment of the present invention is represented schematically in Figure 3, operating in a public display
mode. Generally the LCD Control Electronics (referred to herein also as control electronics), 1, will be configured spe-
cifically to the electro-optical characteristics of the LC panel, 2, so as to output signal voltages which are dependent on
the input image data in such a way as to optimise the perceived quality of the displayed image, i.e. resolution, contrast,
brightness, response time etc, for the principal viewer, 3, observing from a direction normal to the display surface (on-
axis). The relationship between the input image data value for a given pixel and the observed luminance resulting from
the display (gamma curve) is determined by the combined effect of the data-value to signal voltage mapping of the
display driver, and the signal voltage to luminance response of the LC panel.

[0072] The LC panel, 2, will generally be configured with multiple LC domains per pixel and/or passive optical com-
pensation films so as to preserve the display gamma curve as closely as possible to the on-axis response for all viewing
angles, thereby providing substantially the same high quality image to a wide viewing region, 5. However, it is an inherent
property of liquid crystal displays that their electro-optic response is angularly dependent and the off-axis gamma curve
will inevitably differ from the on-axis one. As long as this does not result in contrast inversion or large colour-shift or
contrast reduction, this does not generally result in an obvious perceived fault in the observed image for the off-axis
viewer, 4.

[0073] When the device of this embodiment is operating in the public mode, a set of main image data, 6, constituting
a single image, is input to the control electronics, 1, in each frame period. The control electronics then outputs a set of
signal data voltages to the LC panel, 2. Each of these signal voltages is directed by the active matrix array of the LC
panel to the corresponding pixel electrode and the resulting collective electro-optical response of the pixels in the LC
layer generates the image.

[0074] The control electronics has a single mapping of input pixel data value to output pixel data voltage (Look-up
table), a known example of which is given in Figure 2, which it applies to the process for all pixels. In some cases a
different look-up table may be used for the red, green and blue sub-pixels of the display, but there is no variation in the
mapping of input data to output voltage based on the spatial position of the pixel data within the image, or the pixel
electrode within the display. Substantially the same image is then perceived by the on-axis viewer, 3, and off-axis viewers,
4, and the display can be said to be operating in a wide viewing mode. This situation is illustrated in Figure 3, and can
be said to be the standard method of operation for an LCD.

[0075] Asis illustrated schematically in Figure 5, when the device is operating in the private mode, two image datasets
are input to the control electronics, 1, in every frame period: main image data, 7, constituting a main image, and side
image data, 8, constituting a side image.

[0076] The control electronics then outputs a set of signal data voltages, one data voltage for each pixel in the LC
panel as previously. However, the control electronics (display controller) now utilises an expanded look-up table (LUT)
and the output signal data voltage for each pixel in the LC panel, constituting a combined image, is dependent on the
data values for the corresponding pixel (in terms of spatial position in the image) in both the main, 7, and side, 8, images.
The output data voltage for each pixel is also dependent on a third parameter determined by the spatial position of the
pixel within the display. An example of such an expanded LUT is given in Figure 1.

[0077] In this way, the standard LCD control electronics are modified to receive, and store in a buffer, two, rather than
one, images per frame period, and also to map the data values of two input images to a single output voltage per pixel,
also taking into account a third, spatially dependent, parameter into this mapping. In this case the mapping of input,
image data to output pixel voltage is no longer identical for all pixels, or even all sub-pixels of the same colour component,
in the display.

[0078] The third, spatially dependent, parameter is a "flag" value indicating which of two or more groups the pixel is
deemed to be in based on its spatial position. For example, pixels in odd numbered columns in the image array may be
said to form one group and pixels in even columns another. The groups could also constitute odd and even pixel rows,
or perhaps the two parts of a chequerboard arrangement of the pixel array, etc.

[0079] The output voltage from the control electronics, 1, then causes the LC panel, 2, to display a combined image
which is the main image when observed by the main viewer, 3, with minimal degradation of the main image quality.
However, due to the different gamma curve characteristic of the LC panel for the off-axis viewers, 4, these off-axis
observers perceive the side image most prominently, which obscures and/or degrades the main image, securing the
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main image information to viewers within a restricted cone of angles centred on the display normal, 9. This situation is
illustrated in Figure 5.

[0080] The mainimage 7 can be considered to be represented by a plurality of image elements, each having an image
data value. The control electronics are arranged to determine the signal voltage to be applied to the panel for each image
element in dependence not only upon its image data value, from the main image 7, but also upon a secondary data
value associated with the element. The secondary data value can be considered to comprise a spatially-corresponding
data value from the side image 8 (side data values) together with a spatially-corresponding one of the third parameters
mentioned above (spatial data values).

[0081] The look-up table defines a predetermined mapping between the data values (image and secondary) and the
signal voltage. The secondary data values are arranged to vary across the image so as to introduce variations in
luminance as a result of the mapping, both on and off axis.

[0082] The mapping and secondary data values are mutually arranged to take account of the signal voltage to on-axis
luminance response of the panel so that the luminance variations introduced on-axis tend to balance locally through
spatial averaging to an on-axis viewer. Hence the on-axis luminance variations tend not to be perceivable by the on-
axis viewer.

[0083] On the other hand, with the panel having a non-linear off-axis luminance to on-axis luminance relationship, at
least some of the luminance variations introduced off-axis do not balance locally through spatial averaging to an off-axis
viewer, and would hence be perceivable by the off-axis viewer.

[0084] While the spatial data value controls, at least in part, whether a luminance increase or decrease is introduced
by the secondary data value, the side data value controls, at least in part, the amount of the luminance increase or
decrease. It can be considered that the side data values together form a distracting side image that is perceived by the
off-axis viewer.

[0085] Foragroupofimage elements thatperceived by a viewer as having a single luminance through spatial averaging,
any increase in luminance introduced by the secondary data value or values of one subset of elements in the group is
arranged to be matched by a substantially equal decrease in luminance introduced by the secondary data value or
values of another subset of elements in the group (this is the case, at least, where the respective image data values of
the elements in the subsets are equal).

[0086] For example, such a group may comprise just a pair of image elements, in which case the secondary data
value for one of the image elements of the pair is arranged to introduce, through the mapping, an increase in luminance
of a certain amount, while the secondary data value for the other image element of the pair is arranged, through the
mapping, to introduce a decrease in luminance of substantially the same amount (again, at least where the respective
image data values of the two image elements of the pair are equal).

[0087] It may be arranged that fewer secondary data values (either or both of side and spatial data values) are provided
than there are image data values, with at least one secondary data value being used for a plurality of different image
data values.

[0088] It should be noted that, where the display panel comprises a plurality of pixels each having a plurality of colour
components, the term "image element" as used herein may be interpreted as referring to an individual such colour
component. Furthermore, different processing may be applied respectively for at least two colour components, based
on different respective properties of the display panel associated with those components.

[0089] The format of the expanded look-up table required for operation of the device in the manner described is shown
in Figure 4. As can be seen, an output voltage is supplied for all combinations of main image pixel data value, side image
pixel data value, privacy mode on/off, and the spatial group value. The whole of the look-up table is not shown, as the
main image will typically have 8 bit data, so 256 possible values, for each of which there are five possible combinations
of the above parameters (if privacy mode is off, there is no need to refer to the side image and spatial parameter values).
An example of a conventional LUT is shown for comparison in Figure 2. It should be noted that the embodiment is not
limited to 1 bit data for the side image, and that main and side images of any colour bit-depth can be accommodated by
the device; increasing the colour-bit depth will simply require an increase in the amount of memory required.

[0090] An example circuit diagram illustrating how the added functionality provided by the expanded LUT of Figure 4
may be implemented in the display controller electronics is shown in Figure 6. Figure 6 shows mapping circuitry having
respective inputs for receiving the main image data values and the secondary data values (side image data values and
spatial data values), circuitry (LUT) for looking up a stored value in dependence upon the input data values, and an
output for outputting the stored value (R voltage, G voltage, B voltage), the signal voltage for the image element being
determined in dependence upon the output value (in Figure 6 the signal voltage is equal to the output value, though this
need not be so). The circuit shows the control electronics for a single white pixel, with red, green and blue sub-pixels.
It should be noted that although this diagram assumes monochromatic side image data, and therefore the input value
to the R, G and B sub-pixels is the same, this is not necessarily the case. Also, it can be seen from Figures 6 that the
separation of the pixels into groups according to the spatial parameter in these examples is done by means of an output
from the spatial parameter controller to each sub-pixel LUT. This allows dynamic reconfiguration of the spatial groupings



10

15

20

30

35

40

45

50

55

EP 2 195 705 B1

which may be advantageous, either to reverse the polarity of the groupings in sequential time frames, or to alter the
spatial arrangement of the groupings in the image for different applications. It is also the case that if the patterning of
spatial groupings in the image is required to be fixed, only a single spatial parameter output would be required and the
selection of groupings could be hardwired into the control electronics by means of the presence or not of an inverter on
the input of the spatial parameter data line into each sub-pixel's LUT.

[0091] Figure 7 illustrates a further example of a potential implementation of the modified control electronics of the
device. This arrangement is a simplified equivalent of the more general circuit in Figure 6, for the special case in which
the mapping of input data to output voltage is the same in the public mode and in the private mode when the side image
data value is 0. The public mode image is therefore equivalent to a private mode image with a uniform side image of
data value 0 pixels, and the need for a separate Private Mode On/Off input is removed.

[0092] The examples shown in Figure 6 and Figure 7 both include circuitry for determining the spatial data value from
spatial information relating to the image element, where in these examples the spatial information comprises horizontal
and vertical image coordinates associated with the image element, represented by the horizontal and vertical signals H
and V respectively. The DCLK signal shown in Figures 6 and 7 is a timing signal.

[0093] Having described the modifications to the standard display control electronics of an LCD which are required to
provide the switchable privacy function, it remains to describe examples of the relationships between input data and
output voltage stored in the said modified control electronics which produce the desired privacy effect (although it will
be appreciated that the above hardware modifications will apply equally where other input data to output voltage rela-
tionships are employed).

[0094] Aforementioned patent application GB2428152A1 describes using an image processing device to modify the
image data values of an input image, according to the corresponding pixel data values of a secondary image, in order
to produce a privacy effect. In that disclosure, the relationship between the input and output image data values is
described as follows:

The main image is compressed by some factor 3, and centred about the mid-point data value of the range. E.g. if
the main image has data values form 0 to 255, input values Mj,(x,y,c) are transformed to output values M,,(x,y,c)

Mmm%®=ﬁU@@J@

by the relation

]4_ 1- ﬂ , Where x and y are the spatial co-ordinates of each
2

255 255
pixel in the image array, and c is the colour component (R,G or B) of the pixel. The secondary image S;,(x,y,c) is
then compressed by a factor (1-B)/2, ie. to provide a compressed secondary image

11—
S emp (X ¥,€) = (——2—£)Sm (x,¥,€). The two images are then combined by alternately adding and subtracting

the compressed secondary image data value to/from the compressed main image data value for successive pixels.
E.g. pixel data values in odd columns of the combined image array have output data values C(x =odd, y, ¢) = Mcmp(x

=odd,y,c) + Scmp(x = o0dd, y, c), and pixels in even columns of the image have output data values C(x = even, y,
€) = Mgmp (X =0dd, y, €) - Sgp (X = 0dd, y, ).

[0095] If the data-value to luminance response of the display is substantially linear for the on-axis viewer, then the
average luminance value of neighbouring pixels in the image, e.g. C(x,y,c) and C(x+1,y,c), will be equal to the average
luminance of the same pair of pixels in the compressed main image, with data value Mcmp. If the solid angle subtended
by the area of the pixels in the display from the observer’s eye is sufficiently small, then the eye will perceive this averaged
pixel value, and the on-axis viewer will perceive the displayed image to be substantially the compressed main image.
This situation is illustrated in Figure 8.

[0096] For the off-axis viewers however, the data-value to luminance response of the display will differ from the linear
on-axis response. In this case, although the data values of neighbouring pixels in the combined image still average to
the same average data value of the corresponding pixels in the compressed main image, the observed luminances will
not average to the same value. The average luminance of any given pair of pixels will now vary with the data values of
the corresponding pixel pair in the secondary image. The discrepancy between the average luminance of the pixel pair
in the combined image, and in the compressed main image, is proportional to the secondary image data values for that
pixel pair. For this reason, the off-axis viewers perceive the secondary image to be obscuring the main image. This effect
is illustrated in Figure 9.

[0097] However, it can be seen that in order to generate a strong privacy effect, the contrast of the secondary image
as perceived by an off-axis viewer should be as large as possible. This depends on having a large discrepancy between
the average luminance of a pixel pair in the combined image, and in the compressed main image, for image regions
where the secondary image has high data values. This discrepancy can be maximized by having a large main image
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compression factor, 3, and therefore large maximum value of Scmp. A large B factor, though, results in a heavily com-
pressed, and therefore degraded, main image, which is undesirable. Production of an effective privacy mode with the
method as described in GB2428152A 1, without excessively compromising the main image quality, therefore relies on
a strongly non-linear off-axis data-value to luminance response.

[0098] The measured data value to luminance response of a mobile phone display, with ASV mode LC panel, is shown
in Figure 10. As can be seen, the on-axis response is not linear. If the grey level value and luminance response are
normalised to have values between 0 and 1, the response approximates a power law, with luminance, L dependent on
the data value D to some power, y: L = Dv. In the case of the display of the figure, y ~ 2.4. In this case, adding and
subtracting equal data values to/from adjacent pixels in the compressed main image will not yield an average luminance
value equal to the average luminance of the same pixels in the compressed main image, even for the on axis viewer,
so a degraded image will be observed. In order to preserve the image quality to the on-axis viewer, equal luminance
must be added and subtracted, not equal data.

[0099] If the on and off-axis luminances are plotted as a function of on-axis luminance (on-axis luminance then being
a straight line, plotted against itself) as in Figure 11, it can be seen that the degree of curvature of the off-axis vs. on-
axis luminance determines the strength of the privacy effect as before. As seen in the figure, in an ASV display, this
curvature is not large, especially above 50% brightness, so a straightforward compression of the main and secondary
images, before alternate addition/ subtraction combination, as described in GB2428152A1, will not yield a satisfactory
privacy effect. This problem is exacerbated in the instance where the main image is largely white, and therefore will
have compressed values in the linear, high luminance region of the off-axis-to-on-axis luminance curve.

[0100] In order, therefore, to optimise the privacy effect for an LCD display with non-linear on-axis data value to
luminance curve, as the solid line in Figure 10, and also a weakly non-linear off-axis to on-axis luminance curve, as the
dashed line in Figure 11, an improved method of determining the relationship between the input image pixel data and
resultant image pixel luminances as displayed on the LC panel, is now detailed:

In a preferred embodiment, both the main and secondary images have their pixel data values converted to equivalent
luminance values in dependence upon a property of the display panel. For example, where the property is the
display’s gamma, the conversions for the main and secondary images can be expressed respectively as M, ,(x,
Y, €) = Mjy(x, y, c)t and Sy, (X.y,C) = Sjpp (X, , €)'

[0101] In a second step, these luminance values of the main image are transformed, preferably asymmetrically, in
order to allow contrast or brightness of the main image to be preserved. For example, the luminance values of the main
image in a preferred embodiment are compressed by a factor § and raised by an offset factor 5: Mg,,(x.y,c) =
B-M, ,m(x.y,c)+8. Each pixel luminance value in the side image is then transformed by scaling by a factor equal to the
difference between the luminance value of the corresponding pixel in the compressed main image and the edge of the
range (0 or 1, whichever is closer). This difference can be obtained for any luminance value from the r.m.s. of the
difference between the value and the centre of the range. Therefore the side image luminance values are scaled as

Scmp (x,y,¢) =8, (x,y,¢) -(0,5 —~ \/(Mcmp (x,y,¢)— 0,5)2 J . Aminimum value greaterthan zero may be spec-
ified for the transformed equivalent luminance value for the side data value.

[0102] In the above, \/(M

which M;,,(x.y,c) differs from 0.5.
[0103] Therefore, assuming that S, ,,,(x,y.c) is set to 1, then:

(x,y,c)—O.S)z is equivalent to |Mc,,(x,y,¢)-0.5|, which is the absolute amount by

cmp

s when Mg,,(x.y.¢) > 0.5 then the two values for M,,(X,y,€) = S¢rp(X,y,C) are 1 and 2M,,(x,y,c)-1.
* when Mcmp(x,y,c) < 0.5 then the two values for Mcmp(x,y,c)Scmp(x,y,c) are 2Mcmp(x,y,c) and 0.
[0104] It is therefore apparent that, with this scheme, the addition and subtraction of Scmp(x,y,c) to/from Mcmp(x,y,c)
will always result in either a maximum value or a minimum value (1 or 0), at least when S, ,,,(x,y,c) is set to 1.

[0105] In a third step, the compressed main and side images are combined, now with the addition/ subtraction of
luminance patterned on a sub-pixel level (the choice between addition and subtraction being made in dependence upon
the spatial data value). Colour sub-pixels are grouped into pairs with one pixel in each having its output luminance equal
to the sum of the compressed main and side image luminances at that pixel, and the other having an output luminance
equal to the compressed main image luminance minus the compressed side image luminance.

[0106] Where the off-axis to on-axis relationship has a first section which is more non-linear than a second section,
the amount of luminance change introduced by the secondary data value can be determined so as to be greater where
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the equivalent luminance value for an image data value lies in the second section than where the equivalent luminance
value lies in the first section.

[0107] As there are three colour sub-pixels in each white pixel, in order to retain the overall colour balance of the
output image, the colour sub-pixels which have luminance added in the output image and those which have luminance
subtracted are alternated every white pixel. This is done in both the x and y directions. It is found that this results in the
optimum quality of the outputimage, as perceived by the on-axis viewer. The repeating unit in the pattern of combination
of this method is therefore a 2x2 block of white pixels, each colour sub-pixel of which has luminance as follows:

Clx,y,R) =M, (%, 3, R)+S,,,(x, ¥, R) , ¢

C(x9y9G) =Mcmp(x=y3G)_SCmp(x:yaG)

Cx.y,B)=M,,,(x,y,B)+S,,(x,y,B)

Cx+Ly,R)=M,, (x+Ly,R)~S

cmp

(x+Ly,R)

Clx+1,5,G) = M, (x+1,1,G) + S (x+1,5,G)

cmp

Clx+1y,B)=M, (x+1y,B)~S. (x+1y,B)

cmp cmp

Cx,y+LR)=M, (x,y+LR)-S,, (x,y+1R)

cmp cmp

Clx,y+1,G) =M, (x,y+1,G)+ S, (x,y+1,G)

mp

Clx,y+L,B)=M,, (x,y+1,B)-S

cmp

(x,y+1,B)

Cx+Ly+LR)=M_ (x+Ly+LR)+S,,x+Ly+LR)

cmp cmp

Clx+Ly+L,G)=M_ (x+1,y+1,G) =S, (x+1,y+1,G)

cmp

Cex+Ly+LB)=M,, (x+Ly+LB)+S,, (x+Ly+1B)

[0108] The equivalentimage data level for the combined image can be found by applying the inverse of the gamma
power operation: Czu4(x,¥,¢) = C(x,y,¢)1". The output voltage in the expanded LUT of the display control electronics will
then be equal to the voltage corresponding to this equivalent data level in the public mode off LUT entries.

11
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[0109] This process generates the maximum possible value of Scmp for each pixel in the image, according to that
pixel's luminance value in Mcmp. In effect, one pixel in each pair in the output image is set to have maximum or minimum
luminance, whichever its value in the compressed main image is closest to, and the luminance of the other pixel is altered
to exactly compensate, so that once again their average value remains the same as the average luminance of the same
pixel pair in the compressed main image.

[0110] Itis apparent that, because the value of Scmp for any colour component of any given pixel depends on the value
of MCmp for the same pixel, then the colour components of neighbouring pixels will only have exactly equal luminance
added and subtracted, and therefore an average value in the output image equal to their average value in My, if both
colour components in the pair have the same value in M;,,. Theoretically, this will lead to degradation of the main image
quality for the on-axis viewer when the combined image is displayed, but in practice, it is found that for typical images
as would be used, pixel values do not change sufficiently on a pixel to pixel scale to create a problem.

[0111] If the changing value of MCmp from pixel to pixel were to cause a noticeable problem due to resulting Scmp
values for neighbouring pixels being unequal, a restriction may be imposed whereby for each pair of neighbouring pixels
the SCmp values are calculated and, if unequal, the smaller of the two is selected and applied to both pixels in the
generation of the combined image. This selection process would require an extra step in the logic process of the control
electronics depicted in Figures 5 and 6, but would ensure that equal values of luminance are added and subtracted from
pixels within a group in generating the combined image, thereby preserving optimum on-axis image quality.

[0112] In determining the optimal values of B and § to use in the above process, it is desirable to both maximise the
off-axis privacy strength and preserve the on-axis image quality. As discussed previously, the value of 3 represents a
straightforward compromise between these two performance metrics. The value of § also represents a compromise,
between contrast and brightness in the compressed main image. A smaller & preserves the black levels of M, better,
improving image contrast, but a larger & produces an overall brighter M¢,, image.

[0113] The values of B and § can therefore be tailored to the off-axis to on-axis luminance curve of the LC panel, to
ensure that S, has the largest values for image regions where, in Mo, pixel luminances are in the least non-linear
region of the off-axis to on-axis luminance curve. This ensures a strong privacy effect for all values of pixel luminance
in M¢mp- The processing parameters can also be tailored to optimizing privacy for a particular type of image. If a strong
privacy effect is required for bright images, e.g. text on a white background, then  and & can be selected to transform
white regions in the input main image to values in Mg, of 50% luminance, as itis these luminance values which produce
the largest values of Scmp, and therefore produce the strongest privacy effect.

[0114] For the LCD display with on-axis to off-axis luminance curve as shown in Figure 11, it is found that processing
parameters of § = 0.45 and & =0.05 produce an output image which, when viewed on the display, demonstrates strong
privacy for a wide range of input main image data levels, particularly white, and high on-axis image quality. These
parameters result in the input main image being compressed to have luminance values between 0.05 and 0.5. A small
offset parameter & preserves on-axis image contrast, and although it limits values of S, to 0.05 for regions of Mgy,
with minimum luminance (i.e 0.05), it is these regions where the off-axis to on-axis luminance curve of the display is
most non-linear, and so the privacy effect is amplified. The combination of small values of S, for M ,,, pixel values
on the highly non-linear region of the off-axis to on-axis luminance curve, and large values of S, for values of Mg,
on the more linear section of the curve, yields a consistent privacy effect over all main input image values. The precise
values of B and & will clearly be determined according to the application concerned, but typical values of § may be
between 0.35 and 0.55, with 3 typically taking a value between 0.02 and 0.08. In some cases it may be desirable for
to have a value between 0.42 and 0.5, with 6 taking a value between 0.03 and 0.07. It will be appreciated, however, that
values outside these ranges may also find use in other applications.

[0115] The luminance values of My, and S¢pp, for side image input data =1, as a function of input main image data
value (display gamma=2.4), for these processing parameters, are shown in Figure 12.

[0116] Itis also the case that different processing parameters may produce optimum privacy performance for different
main image contents. For example strong privacy may be achieved for an input main image which is largely white using
the above parameters, whereas different parameters may produce an improved privacy effect for input main images
which are largely dark. In this case, the embodiments described herein may be combined with a processing apparatus
which first analyses the main image content for each frame to determine optimum processing parameters for that image,
the image combining steps described here then being carried out according to those content-optimised parameters. It
may also be the case that the image analysis apparatus may determine that for any input main image, different regions
of the image will have the privacy effect optimised by the use of different parameters. In this case the different parameters
may be applied to the different image regions for the remaining processing steps.

[0117] The processing steps described above thereby provide improved means of calculating optimal output voltage
values, for all input image data levels, to yield the desired privacy effect when inserted into the expanded LUT of the
first embodiment. The detailed processes described herein, and the combination of image compression and offset
parameters, together with the main image dependent side image scaling, specifically to optimise the privacy effect for
all input image data values in a manner tailored to the effect of the display’s particular off-axis to on-axis luminance
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curve, is not taught or suggested in GB2428152A1.

[0118] The processing methods described above provide an improved means of generating a privacy effect, based
on two input images, for an LCD display with particular optical characteristics. It is clear that different LCDs with differing
optical characteristics will require variations on the methods and parameters described, but that are still substantially as
described in this embodiment, to yield an optimal effect. However, depending on the particular performance of the LC
panel in question, and the subjective opinion of optimised performance, a number of modifications to this method could
be employed to achieve the desired effect. A series of such possible modifications, and their effect on the input image
data to output displayed appearance are now detailed below. Any of these additional methods could be employed, to
greater or lesser extent, in combination with the above processing steps, or each other, to yield the desired privacy effect.
[0119] In the first additional method, the LC panel for use with the privacy effect may have a measurably different
data-value to luminance response for each of the three colour components of the display. In this case, an improved
appearance of the displayed output image can be obtained by converting the input image colour component data values
to equivalent luminance values separately, using an individual gamma value each for the R, G and B input data com-
ponents. i.e.

MLum (x’y’R) = Mln (x,7, C)yre‘i s
MLum (xs y: G) = Min (xs y,c)}/green

MLum(x>y3B) = Min (x>yﬂc)yblue

and
SLum (x: Y, R) = Sm (x: Y, C) Vred
S1um (5:,3,G) = 5, (x,y,¢) 7

SLw" (x’ Y> B) = Sln (x 2 VsC ) Jobu

[0120] The range of pixel luminance values in the Mg, and S¢,, arrays are then different for the different colour
components, even for greyscale images or other image regions which had equal data values for the different colour
components in the input images. The LUT value generating process after this step can then continue as detailed in the
preferred method embodiment. This method can be used to ensure that each pixel group, over which the luminance is
made to average in the outputimage to the same average value as the same pixel group in the compressed main image,
also has the colour detail preserved as closely as possible between the two images.

[0121] Using this method, image regions with the same input main image data can be made to have an identical
appearance in the displayed output image, regardless of the value of the side image input data over that region, to the
on-axis viewer 3, as both luminance and chrominance are preserved. Changing values of the input side image data
therefore have no effect on the appearance of the output image to the on-axis viewer, 3, and so the side image is
effectively invisible.

[0122] This method is not limited to assigning a separate gamma value (power law parameter) to each colour com-
ponent. The data-value to luminance response of each colour component on the display to be used could have any
characteristic, and as long as the resulting output luminance for each input data level is known, then the appropriate
transformations can be made to yield the privacy effect with invisible side image to the on-axis viewer,3. It is also the
case that, due to electrical crosstalk between adjacent pixels or colour sub-pixels or other reasons, the data-value to
luminance response of the three colour components of the display, when measured in isolation, may differ from the
same responses when measured simultaneously on the display. These effects can also be taken in account when
determining the processing parameters in order to yield the privacy effect with invisible side image to the on-axis viewer, 3.
[0123] In the second additional method, the invisibility of the side image, 8, to the on-axis viewer, 3, is reduced by
ensuring that, while the SCmp pixel values are maximised based on the corresponding pixels’ values in the compressed
main image, a minimum, non zero value for all pixels in Scmp is stipulated, so that the variation in values of Scmp due
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to variation in the input side image, 8, is reduced. This ensures that there is at least some variation in luminance between
neighbouring pixels in all averaging groups, even regions of the image where the input side image values are zero.
[0124] One method of calculating the output image pixel values to achieve this effect is to generate two sets of
compressed main image values, one for regions where the input side image data value equals zero, and one for regions
where it equals one. If the processing parameters B, & are set at 0.45 and 0.05 respectively for the S;,=1 image, and
are set at 0.42 and 0.03 for the S;,;=0 image, then after processing the input images and combining as described in the
preferred process embodiment, the output image luminances are as shown in Figure 13. It can be seen from the figure
that the luminance difference to the on-axis viewer of regions with the same main inputimage, 7, data value, but different
side input image, 8, data value is greatly reduced in comparison to the preferred embodiment whose relative values are
displayed in Figure 12. This results in much reduced visibility of the side image to the on-axis viewer, 3, but also some
reduction in the privacy strength as perceived by the side viewers, 4. Again, the parameters 3 and § used for both the
S;,=0 and S;,=1 regions can be adjusted to affect the degree of compromise between these two metrics.

[0125] It is the difference between the processing parameters  and 5 used for the S;,=0 and S;,=1 calculations that
determines the privacy strength, and setting either § or 3 to have the larger difference in the two calculations can be
used to adjust the privacy strength/on-axis side image visibility compromise for different input main image values. In
particular, the difference in the offset parameter 5 chiefly determines the privacy strength for dark regions in Mg, and
the difference in the compression parameter 3 determines the privacy strength for bright regions in Mcmp. Ifthe processing
parameters B, 5 are set at 0.45 and 0.05 respectively for the S;,=1 image, and are set at 0.45 and 0 for the S;,=0 image,
then there is now a larger difference in the offset parameters compared to the previous example, so a stronger privacy
effect will be apparent for low main image input data level regions. The difference in Mgy =Sgm, values for the §;,=0
and S;,=1 states remains unchanged from the previous example (Figure 12) for regions of input main image data level
= 255 however. This effect can be seen in the plot of resultant output luminances against input main image data, as
shown in Figure 14.

[0126] It has been found that when an LCD is used in the privacy mode as described, if the input side image changes
suddenly, i.e. if an animated side image is used, then the on-axis viewer, 3, may observe undesirable "flashing" artefacts
in regions of the output image where the side-image, 8, changes from zero to one, or vice versa from one frame to
another. It is thought this is due to the differential switching speeds for two different pixels at different luminance values
both switching to their average luminance value. Although the average luminance for the pixels is the same at the start
and end of the switch, if the switching speeds are different the average value will deviate during the switch, causing a
visible flash on axis. This effect is illustrated in Figure 15A. However, it has been found that this undesirable effect can
also be removed by applying the minimum S, value greater than zero method described here.

[0127] An alternative method of removing this problem is to increase the bit-depth of the side image data to greater
than one. This provides means for transitions of regions of the display with a side image luminance value of 1 to a side
image luminance value of 0, or vice versa, to be graduated. Inserting image frames with intermediate side image luminance
values between the one and zero states minimises the effect the differential switching times for pixels within a group to
converge on, or diverge from, their average value has on the observed on-axisimage. This situationis shownin Figure 15B.
[0128] Another advantage of increasing the bit depth of the side image to greater than one is the capability of showing
full colour side images when in the private mode. As is illustrated in Figure 15B, a two-bit side image can be incorporated
into the combined image by providing four different pairs of output luminance values for every possible value of the
compressed main image, each having the same average luminance for the on-axis viewer, and each corresponding to
one of the four data values of the side image in the expanded look-up table. Each pair will have a different average
luminance off axis however, and therefore this can be used to produce a range of off-axis luminances for each pixel pair
for any required on-axis luminance.

[0129] If the side image data consists of two-bit data per colour component, this provides 64 colours in total and an
expanded LUT with four side image value entries for each compressed main image value entry is required for each of
the R, G and B colour components. It has been found that increasing the bit-depth of the side image beyond 6-bit (2 bit
per colour) has little effect on the appearance of the colour side image to the off-axis viewer, 4.

[0130] In order to accurately reproduce the colour side image to the off-axis viewer, 4, when displayed on the LCD, it
is necessary that the different output luminance values for each on-axis average luminance correspond to approximately
equal steps in perceived average luminance for the off-axis viewer, 4. If the off-axis to on-axis luminance characteristic
of the LCD display used is similar to that shown in Figure 11, then the greater the difference in the individual luminance
values of a pixel pair (i.e. the greater the splitting applied to the input compressed main image pixel pair), the darker the
appearance of the pixel pair to the off-axis viewer, 4.

[0131] For input side image data consisting of values of zero to three for each RGB component, zero splitting, i.e.
output pixel values equal to the compressed main image input values, may be applied for regions of the combined image
corresponding to regions of the side image, 8, having data values of 3, and maximal splitting, whereby one of the pixel
pair is set to have a luminance of zero or one, and the other is adjusted to preserve the same average luminance as the
equivalent pair in the compressed main image as described in the preferred embodiment, may be applied for regions
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of the combined image corresponding to regions of the side image, 8, having data values of 0. This will provide the
appearance of the side image to the off-axis viewer, 4 with maximum contrast.

[0132] Output pixel pair luminance values for regions of the combined image corresponding to regions of the side
image with data values of 1 and 2 may then be determined by calculating them to have a degree of splitting between
zero (output values equal to the compressed main image input values) and one (maximal splitting as described) which
produces an average luminance to the off axis viewer, 4, approximately 1/3 and 2/3 of the way respectively from the 0
to 1 splitting off-axis average luminances, in luminance terms. It has been found that for an ASV mode LCD with off-to-
on-axis luminance characteristics of the type shown in Figure 11, splitting proportions of 0.98 and 0.85 for side image
date values of 1 and 2 respectively produce this desired result.

[0133] Interms of the compressed main image and side image as described previously for the preferred embodiment,
the output luminance values in the combined image, for each input main image data value are calculated as:

C(x,y,R) = Mcmp (x,y,R)£1x Scmpmax(x= ¥, R), for Sin = 0O

C(x,y,R) = Mcmp (x,¥,G)£098x Scmpmax (x,y,R), for Sin =1

C(x,y,R) = Mcmp (x,y,B)*£0.85x% Scmpmax(x’ ¥,R), for Sin = 2

C(xaya-R):Mcmp(xay’B)iO’ for Sin = 3

where "S;;,,max is the compressed side image value, calculated as previously for Sq,, with an input side image data
value of 1.

[0134] The values of these relationships, as a function of input main image data value, using the same main image
compression factors are shown in Figure 19.

[0135] Inordertodisplay a wide range of side-image content to the off-axis viewer, 4, in the private mode, itis necessary
to image datasets in common formats to have 2 bits per colour. In doing this, it is desirable to take into account the data
value to luminance response of the display, so that input side images with greater colour depth have their pixels "binned"
into values of 0,1,2 and 3 according to the luminance they would correspond to if displayed on the device in the public
mode. This, combined with the chosen splitting proportions for each side image value detailed above, ensures the level
of splitting applied to pixel pairs in the image combination step accurately reproduces the side image to the off-axis
viewer,4.

[0136] Although the method of populating the expanded LUT for colour side image privacy using calculations based
ondifferent fractions of the available splitting of pixel pairs as described here has been shown to provide good reproduction
of the side image to the off-axis viewer, it can be seen that this is not the only method that could achieve this. For any
display device, there are approximately as many sets of pixel pairs with the same average luminance as there are data
gradations between that average luminance and the edge of the range. A number of these can be selected for each
compressed main image value to correspond to different side image values by any method without departing from the
scope of the invention.

[0137] In the third additional method, the privacy strength in the output image is enhanced by increasing the number
of colour sub-pixels which have a luminance value in the compressed main image (Mcmp) in the more highly non-linear
region of the on-axis to off-axis luminance curve. In the LCD of the example given in Figure 11, this is the low-luminance,
dark region as discussed. One means for increasing the number of pixels with low luminance levels would be to compress
the main image by a larger value B in the first step of the process, and then use a small offset value &, however, this will
result in a very dark image for the on-axis viewer, 3.

[0138] Itis found that an enhanced privacy effect can be obtained, whilst retaining a brighter, higher quality image to
the on-axis viewer, 3, by selectively compressing a portion of the image colour sub-pixels, based on their spatial position,
by a large factor, rather than compressing the whole image uniformly by a smaller factor. In general, where the off-axis
to on-axis relationship has a first section which is more non-linear than a second section, a first subset of the image
elements are transformed in a first manner so that the transformed luminance range has a first degree of overlap with
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the first section, and a second subset of the image elements are transformed in a second manner, different to the first
manner, so that the transformed luminance range has a second degree of overlap with the first section, the first degree
of overlap being larger than the second degree of overlap. Essentially, the above-mentioned parameter § is replaced
by x.3, where x takes a first value for those image data values of the first subset, and a second value, different from the
first value, for those image data values of the second subset. The first value may be lower than the second value, such
as 0.1 and 1 for the first and second values respectively.

[0139] Asanexample, the first main image compression step described above may be changed from a straightforward
uniform compression, Me,,(X,y,¢) = B-Mpym(X,y,€)+0, as in the preferred value calculation embodiment to:

Mcmp(x’y’R) =X 'ﬁ'MLunt(x9y=R)+a

Mcmp(xiy’G) = ﬁ.MLum (x,y,G)+8

Mcmp(xﬂyﬁB) =ﬂ'MLum (x3y33)+a

M, (x+Ly,R)=p-M,, (x+1,y,R)+0
Mcmp (x+1’y=G) =xB 'MLnlzyy(x+1ay>G)+a
M, (x +Ly,By=p-M,, (x+1,y,B)+0

M, (x+2,9,R) = f-M,,, (x+2,3,R)+3

M, G+2,y,R)=-M,,, (x+2,y,R)+0

M, (x+2,9,R)=x B -M,,, (x+2,,R)+d

where the extra compression value y (applied to the first subset of image elements) can have any value between 0 and
1, typically 0.1. This pattern of rotating which colour sub-pixel within each pixel the extra compression is applied to is
repeated across the whole image, and may be varied in the y direction also in order to further improve the resultant
image quality as perceived by the on-axis viewer, 3. It also may be that two of the three sub-pixels in each pixel have
the extra compression applied, or that it is applied to all three colour sub-pixels, but to only one or two pixels in every
three. The scale of the compression and the spatial pattern by which it is applied to the image are not restricted to the
examples provided in this embodiment, and the particular implementation used with any given LCD will depend on the
particular response produced by that LCD and the subjective assessment of which provides the optimal effect. For
instance, the extra compression factor could be applied to the blue sub-pixels only, utilising the eye’s inferior ability to
resolve fine features of this colour to reduce the apparent loss in main image resolution to the on axis viewer, 3, at the
expense of come colouration. The essence of this embodiment is simply that strong compression of the luminance of a
selection ofimage pixels can yield a stronger privacy performance, while retaining higherimage brightness, than uniformly
compressing by a lesser amount.

[0140] In a fourth additional method, the privacy strength in the output image is again enhanced by increasing the
number of pixels which have a luminance value in the more highly non-linear region of the on-axis to off-axis luminance
curve, by varying the spatial pattern by which the compressed side image luminance values are added to and subtracted
from the compressed main image luminance values in the image combination step. As previously discussed, in the
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measured on-axis to off-axis luminance curve given in Figure 11, the low luminance region of the curve is most non-
linear, so image regions with luminance values at this end of the range are provided with a stronger privacy effect.
[0141] Ratherthanaddingthe compressed side image luminance value S¢p,,,, to the compressed main image luminance
value MCmp for one pixel or colour sub-pixel in a pair, and subtracting it for the other in the image combination step, it
may be the case that more pixels can be produced with low-luminance values in the output image if Scmp is added to
two out of three pixels or sub-pixels in a group, and double the value of Scmp is subtracted from the third. In this way,
the average luminance of the group of pixels is still made to equal the average of the same group in Mcmp, as the net
value of S¢p,, within the group is still zero (assuming a constant value of S, over the same pixel group), but it is ensured
that at least one pixel of the group has low luminance.

[0142] In general, this involves subtracting a first multiple of the transformed equivalent luminance value for the side
data value for a first subset of image elements, and adding a second multiple of the transformed equivalent luminance
value for the side data value for a second subset of image elements, the number of image elements in the second subset
being N times that in the first subset, and the first multiple being N times the second multiple. In one particular example,
the image combination step becomes:

Cx,y,R)=M,,,(x,y,R)~2*S,, (x,y,R)
C(x,y,G)=M,,,(x,y,B)+ S, (x,¥,G)
C(xay:-B) = Mc,,,p(X,% B) + Scmp(xa y:‘B)

Cx+Ly,R)=M_, (x+1,y,R)+S,, (x+1,3,R)

cmp cmp

Cxr+1,3,6)=M, (x+1y,G)~2*S. (x+1,G)

cmp cmp

Cx+Ly,R)=M,,(x+Ly,R)+S,,,(x+Ly,R)

cmp

Cx+2,y,R)=M

cmp

(x+2,,R)+S,,,(x+2,y,R)

Cx+2,y,G)=M,,(x+2,y,G)+S,,,(x+2,,G)

cmp

Cx+2,y,By=M, (x+2,y,B)-2*S_ (x+2,¥,B)

cmp cnp
[0143] Once again, the rotation of which pixel or colour sub-pixel within the group has double the value of Scmp
subtracted can be varied in the y direction also, to preserve on-axis image quality. A visual illustration of this type of
expanded pixel-group combination step is shown in Figure 16, for blocks of pixels with an MCmp value of 50% luminance,
and an S¢pp, value of 25% luminance.

[0144] It also is the case that the number of pixels or sub-pixels in each zero net Scmp group may be increased to four,
with the S, value added to M., in three of the four, and triple the S, value subtracted from the fourth. In fact, the
number of pixels or colour sub-pixels in the group can be increased to whichever value produces the desired effect. It
is the case however, that the larger the group of pixels over which the luminance is averaged to equal the average
luminance of the same group in M, the less effective the eye’s averaging will be, for any given viewing distance, at
preserving the impression for the on-axis viewer, 3, that the observed image is substantially the same as the M, image.
It can be seen that, as the spatial patterning used in the combination step is altered, to create some pixels with double
or triple the S;,,; value subtracted, the compression factors used in the Mj,—>M;n,, and S;,—>S.,, steps will require
adjustment, to ensure all pixels have in the combined image have values in the allowed luminance range.
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[0145] As is mentioned above, it is the case that in order to have a net value of SCmp equal to zero for each group of
pixels or colour sub-pixels in the image combining step, it is necessary that the value of S;, remains constant over the
area of each group. For example, if S;, changes sharply on going from pixel (x,y,R) to (x,y,G), or from (x,y,c) to (x+1,y,c),
then in the image combination step detailed in the preferred calculation embodiment, the added and subtracted S,
values will no longer cancel out, and the side image will become visible to the on-axis viewer. In the patent disclosure
GB2428152A1, it is suggested that this problem can be mitigated by using an image processing method to blur sharp
edges in the input side image.

[0146] In afifth additional method, however, this problem is removed by ensuring that S, is invariant over each block
of pixels or colour sub-pixels which are required to have net zero Scmp values in the image combination step. If the size
of the pixel group over which this is required is a 2x2 block of pixels, as in the preferred calculation embodiment above,
this may be achieved by shrinking the size of the input side image to 4 of the display resolution (X/2 by Y/2 pixels, where
the display comprises an X by Y pixel array), using whatever image processing technique is available to best preserve
the image quality, and then re-expanding the image to full resolution using a simple nearest-neighbour interpolation
method. This ensures that the full resolution side image is composed of 2x2 pixel blocks of identical data value, so all
2x2 pixel blocks will have a net zero S, value in the image combination step. An image processing device, 10, would
be included in the display control electronics to perform this step on the input side image, 8, before outputting the resulting,
filtered image to the LUT as described previously. This is illustrated in Figure 17.

[0147] It can be seen that, for whatever size and shape pixel group is used as the repeating block in the image
combination step, the side image can be shrunk to some fraction of the display resolution and then re-expanded using
nearest neighbour interpolation to ensure that the side image is essentially composed of blocks of equal size and shape.
In this way, sharp edges in the input side image, 8, are preserved, which enhances the perceived contrast of the side
image observed by the off-axis viewers, 4.

[0148] Itis also the case that using the compression and combination processes and parameters as described in the
preferred calculation embodiment to produce the privacy effect, small colour artefacts can become apparent to the on-
axis viewer, 3, for regions in the input main image which consist of single pixel width lines. This is due to the fact that
the process results in an output image in which alternate colour sub-pixels are set to black, so a single pixel width black
diagonal line superimposed on this pattern may leave a line of pixels either side with only one or two colour sub-pixels
on, all along it's length. In this case, the coloured line becomes visible to the eye.

[0149] In a sixth additional method, these colour artefacts are removed by applying an image processing filter to the
input main image, 7, which effectively slightly blurs any narrow width line features in the image (in general, blur would
be added preferentially to any higher frequency image features, one example of such features being lines). An image
processing filter (or filter circuitry), 11, would be included in the display control electronics to perform this step on the
input main image, 7, before outputting the resulting, filtered image to the LUT as described previously. This is illustrated
in Figure 17. A method for achieving removal of colour artefacts due to this problem, with minimal blurring of the fine
features of the image, is disclosed in UK patent application no. 0701325.3.

[0150] It canbe seen thatthe methods above provide means for calculating the required outputimage pixel luminances,
based on the input images provided, to produce the desired privacy effect in LCDs. They are essentially a means of
populating the additional regions of the required LUT, as shown in Figure 4, in a manner that optimises the effect and
produces values tailored to the inherent electro-optical properties of the LC panel. As such, any combination of the
techniques described and processing parameter values may be utilised which produces LUT values which give the
desired effect. Similar relationships to produce the same effect would therefore fall under the scope of the invention. It
is also the case that, if required, rather than using these relationships to populate an expanded LUT, the calculations
could be performed by an additional computational processorin the display control electronics, on a frame-by-frame basis.
[0151] Inaseventh additional embodiment, rather than inputting a side image dataset, 8, to the LCD control electronics,
1, the input main image data is analysed by an additional processing apparatus and an optimised side image is calculated
to maximise the privacy effect according to the main image content. Methods of generating optimised image obscuring
patterns, according to factors of the main image such as dominant spatial frequencies are described in
US20080088935A1.

[0152] While the display control electronics modifications and LUT value calculations described above allow an en-
hanced privacy effect in displays without any alteration to the LC panel, or to the normal range of voltage signals applied
to the panel from the control electronics, other modifications can be made to increase the nonlinearity of the off-axis to
on-axis luminance curve and therefore enhance the effect.

[0153] One such modification may be to operate the LC panel with a greater range of pixel voltage in the private mode,
than in the normal public mode. If an LC panel is "overdriven" in this manner, than the display luminance, as observed
by the on-axis viewer, levels out and perhaps starts to decrease as the pixel voltage is increased beyond the normal
range. This is due to the effective birefringence of the LC layer reaching, and then exceeding the half-waveplate condition.
To the off-axis viewer, due to off-axis rays travelling a greater distance within the LC layer, this effect will be further
exaggerated, resulting in greater non-linearity in the off-axis to on-axis luminance curve. This effect is illustrated in Figure
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18, and can be utilised to provide a stronger privacy effect for high brightness regions of the image. This effect may be
exaggerated still further by increasing the thickness of the LC layer, or the birefringence of the LC material used, in the
display beyond the minimum required to achieve the half-waveplate condition at high voltage.

[0154] The invention being thus described, it will be obvious that the same way may be varied in many ways. Such
variations are not to be regarded as a departure from the scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended to be included within the scope of the following claims.

Claims

1. Adisplay device comprising a liquid crystal display panel (2) for displaying an image by spatial light modulation, the
image being represented by a plurality of image elements each having an image data value (7), and the display
device further comprising a display controller (1) arranged to determine a signal voltage to be applied to the panel
(2) for each image element in dependence upon its image data value (7) and a secondary data value (8) for the
element, there being a predetermined mapping between the image and secondary data values (7, 8) and the signal
voltage, the secondary data values (8) being arranged to vary across the image so as to introduce variations in
luminance as a result of the mapping, the mapping and secondary data values (8) being mutually arranged to take
account of the signal voltage to on-axis luminance response of the panel (2) so that the luminance variations
introduced on-axis tend to balance locally through spatial averaging in the eye of, and hence would not be perceivable
by, an on-axis viewer (3), the panel (2) furthermore having a non-linear off-axis luminance to on-axis luminance
relationship, so that at least some of the luminance variations introduced off-axis do not balance locally through
spatial averaging in the eye of, and hence would be perceivable by, an off-axis viewer (4), characterised in that
each secondary data value comprises a side data value and a spatial data value, and further characterised in that
the display controller (1) comprises mapping circuitry having respective inputs for receiving the image data value,
the side data value and the spatial data value for an image element of the plurality, circuitry for looking up a stored
value in dependence upon the input data values, and an output for outputting the stored value, the signal voltage
for the image element being determined in dependence upon the output value, the spatial data value indicating
which of two or more groups of the stored values the image element is deemed to be in based on its spatial position,
and side data values together forming a side image that is perceivable by the off-axis viewer (4).

2. Adisplay device as claimed in claim 1, wherein the mapping and secondary data values are mutually arranged such
that, for each of a plurality of groups of image elements perceived by a viewer as having a single luminance through
spatial averaging, any increase in luminance introduced by the secondary data value or values of one subset of
elements in the group is substantially matched by a substantially equal decrease in luminance introduced by the
secondary data value or values of another subset of elements in the group, at least where the respective image
data values of the elements in the subsets are equal.

3. Adisplay device as claimed in claim 2, wherein at least some of the groups comprise a pair of image elements, the
secondary data value for one of the image elements of the pair being arranged to introduce an increase in luminance
of an amount, and the secondary data value for the other image element of the pair being arranged to introduce a
decrease in luminance by substantially the same amount, at least where the respective image data values of the
two image elements of the pair are equal.

4. A display device as claimed in claim 3, wherein the luminance change introduced by the secondary data value is
determined such that either the resulting luminance of one of the image elements of the pair is close to a maximum

luminance or the resulting luminance of the other image element of the pair is close to a minimum luminance.

5. A display device as claimed in any preceding claim, wherein the on-axis luminance response of the display panel
is non-linear with respect to variations in the image data value.

6. A display device as claimed in any preceding claim, wherein the side data values together form a distracting side
image that is perceived by the off-axis viewer.

7. A display device as claimed in claim 6, comprising means to reduce the resolution of the side image, so as to
introduce localised blocks having side data values of equal value,

8. A display device as claimed in any preceding claim, wherein the mapping incorporates a conversion of the image
and side data values to equivalent respective luminance values in dependence upon a property of the display panel.
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A display device as claimed in claim 8, wherein the property comprises a gamma value y associated with the display
panel, and wherein the equivalent luminance value M|, of au image data value My, is calculated as M, = M;, v
and the equivalent luminance value S, of a side data value S;, is calculated as S, = S;,y, with each of M| ,,,
Min, SLum @nd S;, being represented on a scale from 0 to 1.

A display device as claimed in claim 8 or 9, wherein the mapping incorporates a transformation of the equivalent
luminance value for the image data value.

A display device as claimed in claim 10, wherein the transformation is asymmetric.

A display device as claimed in claim 11, wherein the transformation comprises a scaling and translation of the form
Mcmp = B-Mym + 8, where B and 5 are predetermined respective scaling and translation parameters, M, is the
equivalent luminance value for the image data value and M., is the scaled and translated value for the image data

value, with M, and Mg, being represented on a scale from 0 to 1.

A display device as claimed in claim 12, wherein B is a value between 0.35 and 0.55, and § is a value between 0.02
and 0.08.

A display device as claimed in claim 13, wherein B is a value between 0.42 and 0.5, and § is a value between 0.03
and 0.07.

A display device as claimed in any one of claims 10 to 14, wherein the transformation is dependent upon the side
data value.

A display device as claimed in claim 15, when dependent on claim 12, wherein different values for g and $ are used
depending on the side data value.

A display device as claimed in any one of claims 10 to 16, wherein the off-axis to on-axis relationship has a first
section which is more non-linear than a second section, and wherein a first subset of the image elements are
transformed in a first manner so that the transformed luminance range has a first degree of overlap with the first
section, and a second subset of the image elements are transformed in a second manner, different to the first
manner, so that the transformed luminance range has a second degree of overlap with the first section, the first
degree of overlap being larger than the second degree of overlap.

A display device as claimed in claim 17, when dependent on claim 12, wherein B is replaced by x., and where x
takes a first value for those image data values of the first subset, and a second value, different from the first value,

for those image data values of the second subset.

A display device as claimed in claim 18, wherein the first value is lower than the second value, such as 0.1 and 1
for the first and second values respectively.

A display device as claimed in any one of claims 10 to 19, wherein the mapping incorporates a transformation of
the equivalent luminance value for the side data value.

A display device as claimed in claim 20, wherein the transformation is of the form S¢,; = Sy i X (0.5 - My, - 0.5]),
where S|, is the equivalentluminance value for the side data value and S, is the transformed equivalentluminance

value for the side data value, with S, and S,,, being represented on a scale from 0 to 1.

A display device as claimed in claim 20 or 21, wherein a minimum value greater than zero is specified for the
transformed equivalent luminance value for the side data value.

A display device as claimed in claim 20, 21 or 22, comprising adding or subtracting a multiple of the transformed
equivalent luminance value for the side data value to/from the transformed equivalent luminance value for the image
data value, the choice between addition and subtraction being made in dependence upon the spatial data value.

A display device as claimed in claim 23, wherein the multiple is 1.

A display device as claimed in claim 23, wherein different multiples are used for different subsets of image elements.
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Adisplay device as claimed in claim 25, comprising subtracting a first multiple of the transformed equivalent luminance
value for the side data value for a first subset of image elements, and adding a second multiple of the transformed
equivalent luminance value for the side data value for a second subset of image elements, the number of image
elements in the second subset being N times that in the first subset, and the first multiple being N times the second
multiple.

A display device as claimed in any one of claims 8 to 26, wherein the off-axis to on-axis relationship has a first
section which is more non-linear than a second section, and wherein the amount of luminance change introduced
by the secondary data value is determined so as to be greater where the equivalent luminance value for an image
data value lies in the second section than where the equivalent luminance value lies in the first section.

A display device as claimed in any preceding claim, comprising circuitry for determining the spatial data value from
spatial information relating to the image element.

A display device as claimed in claim 28, wherein the spatial information comprises horizontal and vertical image
coordinates associated with the image element.

A display device as claimed in any preceding claim, wherein fewer side data values are provided than there are
image data values, with at least one side data value being used for a plurality of different image data values.

A display device as claimed in any preceding claim, wherein fewer spatial data values are provided than there are
image data values, with at least one spatial data value being used for a plurality of different image data values.

A display device as claimed in any preceding claim, wherein fewer secondary data values are provided than there
are image data values, with at least one secondary data value being used for a plurality of differentimage data values.

A display device as claimed in any preceding claim, comprising circuitry for filtering the image, as represented by
the image data values, to add an amount of blur preferentially to any higher frequency image features such as lines.

A display device as claimed in any preceding claim, wherein the output value is used as the signal voltage.

A display device as claimed in any preceding claim, wherein the display panel comprises a plurality of pixels each
having a plurality of colour components, and wherein each image element is associated with an individual such
colour component.

A display device as claimed in claim 35, when dependent on claim 3, wherein the image elements of the pair relate
respectively to the same colour component of different pixels.

A display device as claimed in claim 36, wherein the image elements of the pair are from horizontally or vertically
adjacent pixels.

A display device as claimed in any one of claims 35 to 37, when dependent on claim 8, wherein different conversions
are used respectively for at least two colour components, based on different respective properties of the display
panel associated with those components.

A display device as claimed in any one of claims 35 to 38, when dependent on claim 17 or 26, wherein the first
subset comprises image elements from different respective pixels, each image element of the first subset being
associated with a different colour component.

A display device as claimed in any preceding claim, comprising means for increasing the non-linearity of the off-
axis luminance to on-axis luminance relationship.

Patentanspriiche

1.

Anzeigevorrichtung, umfassend ein Flussigkristall-Anzeigefeld (2) zur Anzeige eines Bilds durch raumliche Licht-
modulation, wobei das Bild durch eine Vielzahl von Bildelementen dargestellt wird und jedes davon einen Bildda-
tenwert (7) hat, und die Anzeigevorrichtung des Weiteren umfassend eine Anzeigesteuereinheit (1), angeordnet
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zum Bestimmen einer Signalspannung, die auf das Anzeigefeld (2) fir jedes Bildelement in Abhangigkeit von seinem
Bilddatenwert (7) und einem Sekundardatenwert (8) fir das Element angewendet werden soll, wobei es ein vorde-
finiertes Mapping zwischen den Bild- und Sekundardatenwerten (7, 8) und der Signalspannung gibt, wobei die
Sekundardatenwerte (8) angeordnet sind, um Uber das Bild hinweg zu variieren, so dass Veranderungen in der
Helligkeit als Resultat des Mappings eingefiihrt werden, wobei die Mapping- und Sekundardatenwerte (8) gemein-
sam angeordnet sind, um die Signalspannung zur achsparallelen Helligkeitsantwort des Anzeigefelds (2) zu be-
ricksichtigen, sodass die achsparallel eingefiihrten Helligkeitsveranderungen dazu neigen, sich im Auge eines
achsparallelen Betrachters lokal durch rdumliche Durchschnittsbildung auszugleichen und somit von einem achspa-
rallelen Betrachter (3) nicht wahrgenommen werden, wobei das Anzeigefeld (2) des Weiteren ein nichtlineares
Verhaltnis der achsversetzten Helligkeit zur achsparallelen Helligkeit hat, sodass mindestens einige der eingefiihrten
achsversetzten Helligkeitsverdnderungen nicht im Auge eines achsversetzten Betrachters lokal durch rdumliche
Durchschnittsbildung ausgeglichen werden und somit von einem achsversetzten Betrachter (4) wahrgenommen
werden, dadurch gekennzeichnet, dass jeder Sekundardatenwert einen Seitendatenwert und einen raumlichen
Datenwert umfasst, und des Weiteren dadurch gekennzeichnet, dass die Anzeigesteuereinheit (1) Mapping-
Schalttechnik mit den entsprechenden Eingédngen zum Erhalten des Bilddatenwerts, des Seitendatenwerts und des
raumlichen Datenwerts fir ein Bildelement der Vielzahl, Schalttechnik zum Ermitteln eines gespeicherten Werts in
Abhangigkeit von den Eingangsdatenwerten und einen Ausgang zur Ausgabe des gespeicherten Werts umfasst,
wobei die Signalspannung fiir das Bildelement in Abhangigkeit vom Ausgangswert bestimmt wird, wobei der rdum-
liche Datenwert angibt, aus welchem der zwei oder mehreren Gruppen der gespeicherten Werte das Bildelement
sein soll, beruhend auf seiner raumlichen Position, und wobei die Seitendatenwerte zusammen ein Seitenbild bilden,
das von dem achsversetzten Betrachter (4) wahrgenommen wird.

Anzeigevorrichtung nach Anspruch 1, wobei die Mapping- und Sekundardatenwerte gemeinsam so angeordnet
sind, dassfurjede einer Vielzahlvon Bildelementgruppen, die von einem Betrachter durch Berechnen des raumlichen
Durchschnitts so wahrgenommen wird, als ob sie eine einzige Helligkeit hat, jede durch den/die Sekundardaten-
wert(e) einer Teilmenge von Elementen in der Gruppe eingeflihrte Erh6hung der Helligkeit im Wesentlichen durch
eine im Wesentlichen gleiche durch den/die Sekundéardatenwert(e) einer anderen Teilmenge von Elementen in der
Gruppe eingeflihrte Verringerung der Helligkeit ausgeglichen wird, zumindest dort, wo die jeweiligen Bilddatenwerte
der Elemente in der Teilmenge gleich sind.

Anzeigevorrichtung nach Anspruch 2, wobei mindestens einige der Gruppen ein Paar von Bildelementen umfassen,
wobei der Sekundardatenwert fiir eines der Bildelemente des Paars angeordnet ist, um eine Erhéhung der Helligkeit
einer Hohe einzuflihren, und der Sekundardatenwert fiir das andere Bildelement des Paars angeordnet ist, um eine
Verringerung der Helligkeit um im Wesentlichen dieselbe Héhe einzufiihren, zumindest dort, wo die jeweiligen
Bilddatenwerte der zwei Bildelemente des Paars gleich sind.

Anzeigevorrichtung nach Anspruch 3, wobei die durch den Sekundardatenwert eingefiihrte Helligkeitsdnderung so
bestimmt wird, dass entweder die resultierende Helligkeit eines der Bildelemente des Paars in der Nahe einer
maximalen Helligkeit ist, oder die resultierende Helligkeit des anderen Bildelements des Paars in der Nahe einer
minimalen Helligkeit ist.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, wobei die achsparallele Helligkeitsantwort des Anzei-
gefelds in Bezug auf Veranderungen im Bilddatenwert nicht linear ist.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, wobei die Seitendatenwerte zusammen ein ablenkendes
Seitenbild bilden, das vom achsversetzten Betrachter wahrgenommen wird.

Anzeigevorrichtung nach Anspruch 6, umfassend die Mittel zum Verringern der Auflésung des Seitenbilds, um lokale
Blocke mit Seitendatenwerten desselben Werts einzufiihren.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, wobei das Mapping eine Umwandlung der Bild- und
Seitendatenwerte auf dquivalente jeweilige Helligkeitswerte in Abhangigkeit von einer Eigenschaft des Anzeigefelds
enthalt.

Anzeigevorrichtung nach Anspruch 8, wobei die Eigenschaft einen Gamma-Wert y verknipft mit dem Anzeigefeld
umfasst, und wobei der dquivalente Helligkeitswert M|, eines Bilddatenwertes M, berechnet wird als M, = M,
und der aquivalente Helligkeitswert S|, eines Seitendatenwerts S;,, berechnet wird als S, = S;,,¥, wobei jeder
Miums Mins S um und S, auf einer Skala von 0 bis 1 dargestellt wird.
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Anzeigevorrichtung nach Anspruch 8 oder 9, wobei das Mapping eine Umwandlung des aquivalenten Helligkeits-
werts fur den Bilddatenwert enthalt.

Anzeigevorrichtung nach Anspruch 10, wobei die Umwandlung asymmetrisch ist.

Anzeigevorrichtung nach Anspruch 11, wobei die Umwandlung eine Skalierung und Translation in der Form Mcmp
=B-M_ ,, + & umfasst, wobei B und 5 vordefinierte jeweilige Skalierungs- und Translationsparameter sind, M, der
aquivalente Helligkeitswert fir den Bilddatenwert ist, und M, der skalierte und umgewandelte Wert fiir den Bild-
datenwert ist, wobei My, und M¢,, auf einer Skala von 0 bis 1 dargestellt werden.

Anzeigevorrichtung nach Anspruch 12, wobei p ein Wert zwischen 0,35 und 0,55, und & ein Wert zwischen 0,02
und 0,08 ist.

Anzeigevorrichtung nach Anspruch 13, wobei p ein Wert zwischen 0,42 und 0,5, und & ein Wert zwischen 0,03 und
0,07 ist.

Anzeigevorrichtung nach einem der Anspriiche 10 bis 11, wobei die Umwandlung vom Seitendatenwert abhangig ist.

Anzeigevorrichtung nach Anspruch 15, wenn abhangig von Anspruch 12, wobei in Abhangigkeit vom Seitendaten-
wert unterschiedliche Werte fir f und 6 verwendet werden.

Anzeigevorrichtung nach einem der Anspriiche 10 bis 16, wobei das Verhaltnis achsversetzt zu achsparallel einen
ersten Bereich hat, der nichtlinearer als ein zweiter Bereich ist, und wobei eine erste Teilmenge der Bildelemente
auf eine erste Art und Weise umgewandelt wird, sodass der umgewandelte Helligkeitsbereich einen ersten Uber-
lagerungsgrad mit dem ersten Bereich hat, und eine zweite Teilmenge der Bildelemente auf eine zweite Art und
Weise umgewandelt wird, die sich von der ersten Art und Weise unterscheidet, sodass der umgewandelte Hellig-
keitsbereich einen zweiten Uberlagerungsgrad mit dem ersten Bereich hat, und wobei der erste Uberlagerungsgrad
gréRer als der zweite Uberlagerungsgrad ist.

Anzeigevorrichtung nach Anspruch 17, wenn abhangig von Anspruch 12, wobei B ersetzt wird durch x.8, und wo x
einen ersten Wert flr die Bilddatenwerte der ersten Teilmenge annimmt, und einen zweiten Wert, der sich vom
ersten Wert unterscheidet, fiir die Bilddatenwerte der zweiten Teilmenge.

Anzeigevorrichtung nach Anspruch 18, wobei der erste Wert niedriger als der zweite Wert ist, wie z. B. 0,1 und 1
fur den ersten bzw. zweiten Wert.

Anzeigevorrichtung nach einem der Anspriiche 10 bis 19, wobei das Mapping eine Umwandlung des &quivalenten
Helligkeitswerts fir den Seitendatenwert enthalt.

Anzeigevorrichtung nach Anspruch 20, wobei die Umwandlung in der Form S¢p, = Sy X (0,5 - [Mgmp - 0,5 ) ist,
wobei S, der quivalente Helligkeitswert fir den Seitendatenwert und S, , der umgewandelte aquivalente Hel-
ligkeitswert fiir den Seitendatenwert ist, wobei S|, und S, auf einer Skala von 0 bis 1 dargestellt werden.

Anzeigevorrichtung nach Anspruch 20 oder 21, wobei ein Mindestwert groRer als null fir den umgewandelten
aquivalenten Helligkeitswert fiir den Seitendatenwert spezifiziert wird.

Anzeigevorrichtung nach Anspruch 20, 21 oder 22, umfassend das Addieren oder Subtrahieren eines Vielfachen
des umgewandelten aquivalenten Helligkeitswerts fiir den Seitendatenwert zum/vom umgewandelten &quivalenten
Helligkeitswert fiir den Bilddatenwert, wobei die Wahl zwischen Addieren und Subtrahieren in Abh&ngigkeit vom
raumlichen Datenwert erfolgt.

Anzeigevorrichtung nach Anspruch 23, wobei das Vielfache 1 ist.

Anzeigevorrichtung nach Anspruch 23, wobeiflir verschiedene Teilmengen der Bildelemente verschiedene Vielfache
verwendet werden.

Anzeigevorrichtung nach Anspruch 25, umfassend das Subtrahieren eines ersten Vielfachen des umgewandelten
aquivalenten Helligkeitswerts fiir den Seitendatenwert fir eine erste Teilmenge von Bildelementen, und das Addieren
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eines zweiten Vielfachen des umgewandelten dquivalenten Helligkeitswerts fir den Seitendatenwert fir eine zweite
Teilmenge von Bildelementen, wobei die Anzahl der Bildelemente in der zweiten Teilmenge das N-fache der Anzahl
in der ersten Teilmenge und das erste Vielfache das N-fache des zweiten Vielfachen ist.

Anzeigevorrichtung nach einem der Anspriiche 8 bis 26, wobei das Verhaltnis achsversetzt zu achsparallel einen
ersten Bereich hat, der nichtlinearer ist als ein zweiter Bereich, und wobei die Hohe der vom Sekundéardatenwert
eingefiihrten Helligkeitsdnderung so bestimmt wird, dass sie grofer ist, wo der aquivalente Helligkeitswert fiir einen
Bilddatenwert im zweiten Bereich liegt, als dort, wo der aquivalente Helligkeitswert im ersten Bereich liegt.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, umfassend Schalttechnik zum Bestimmen des raumli-
chen Datenwerts aus rdumlichen Informationen in Bezug auf das Bildelement.

Anzeigevorrichtung nach Anspruch 28, wobei die rdumliche Information horizontale und vertikale Bildkoordinaten
in Verbindung mit dem Bildelement umfasst.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, wobei weniger Seitendatenwerte bereitgestellt werden,
als es Bilddatenwerte gibt, wobei mindestens ein Seitendatenwert fir eine Vielzahl von verschiedenen Bilddaten-
werten verwendet wird.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, wobei weniger raumliche Datenwerte bereitgestellt wer-
den, als es Bilddatenwerte gibt, wobei mindestens ein rdumlicher Datenwert fiir eine Vielzahl von verschiedenen
Bilddatenwerten verwendet wird.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, wobei weniger Sekundardatenwerte bereitgestellt wer-
den, als es Bilddatenwerte gibt, wobei mindestens ein Sekundardatenwert fir eine Vielzahl von verschiedenen
Bilddatenwerten verwendet wird.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, umfassend Schalttechnik zum Filtern des Bildes, wie
es von den Bilddatenwerten dargestellt wird, um eine Menge von Unscharfe hinzuzufligen, vorzugsweise zu allen
Bildmerkmalen héherer Frequenz, wie z. B. Linien.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, wobei der Ausgangswert als die Signalspannung ver-
wendet wird.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, wobei das Anzeigefeld eine Vielzahl von Pixeln umfasst,
wobei jedes eine Vielzahl von Farbkomponenten hat und jedes Bildelement mit einer solchen individuellen Farb-
komponente verkn(pft ist.

Anzeigevorrichtung nach Anspruch 35, wenn abhangig von Anspruch 3, wobei sich die Bildelemente des Paars
jeweils auf dieselbe Farbkomponente verschiedener Pixel beziehen.

Anzeigevorrichtung nach Anspruch 36, wobei die Bildelemente des Paars aus horizontal oder vertikal angrenzenden
Pixeln sind.

Anzeigevorrichtung nach einem der Anspriiche 35 bis 37, wenn abhangig von Anspruch 8, wobei fir mindestens
zwei Farbkomponenten jeweils verschiedene Umwandlungen beruhend auf verschiedenen jeweiligen Eigenschaften
des Anzeigefelds in Verbindung mit diesen Komponenten verwendet werden.

Anzeigevorrichtung nach einem der Anspriiche 35 bis 38, wenn abhangig von Anspruch 17 oder 26, wobei die erste
Teilmenge Bildelemente aus verschiedenen jeweiligen Pixeln umfasst, wobei jedes Bildelement der ersten Teil-

menge mit einer verschiedenen Farbkomponente verknipft ist.

Anzeigevorrichtung nach einem der vorherigen Anspriiche, umfassend Mittel zum Erhdéhen der Nichtlinearitat der
achsversetzten Helligkeit im Verhaltnis zur achsparallelen Helligkeit.
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Revendications

Dispositif d’affichage comprenant un panneau d’affichage a cristaux liquides (2) destiné a afficher une image par
modulation de lumiére spatiale, I'image étant représentée par une pluralité d’éléments d’image présentant chacun
une valeur de données d’'image (7), et le dispositif d’affichage comprenant en outre un contréleur d’affichage (1)
agencé de maniére a déterminer une tension de signal devant étre appliquée au panneau (2) pour chaque élément
d’'image en fonction de sa valeur de données d’'image (7) et d'une valeur de données secondaire (8) de I'élément,
une mise en correspondance prédéterminée existant entre les valeurs de données d’'image et secondaires (7, 8)
et la tension de signal, les valeurs de données secondaires (8) étant agencées de maniére a varier a travers I'image
de maniére a introduire des variations de luminance suite a la mise en correspondance, les valeurs de mise en
correspondance et de données secondaires (8) étant mutuellement agencées de maniere a tenir compte de la
réponse de « tension de signal a luminance sur I'axe » du panneau (2) de sorte que les variations de luminance
introduites sur I'axe tendent a s’équilibrer localement a travers un calcul de moyenne spatiale dans I'oeil d’'un
visionneur sur 'axe, et par conséquent, ne seraient pas perceptibles par ledit visionneur sur I'axe (3), le panneau
(2) présentant en outre une relation entre luminance hors axe non linéaire et luminance sur I'axe, de sorte qu’au
moins certaines des variations de luminance introduites hors axe ne s’équilibrent pas localement a travers un calcul
de moyenne spatiale dans 'oeil d’un visionneur hors axe, et par conséquent seraient perceptibles par un visionneur
hors axe (4), caractérisé en ce que chaque valeur de données secondaire comporte une valeur de données latérale
et une valeur de données spatiale, et caractérisé en outre en ce que le contrdleur d’affichage (1) comporte un
montage de circuits de mise en correspondance présentant des entrées respectives en vue de recevoir la valeur
de données d’'image, la valeur de données latérale et la valeur de données spatiale pour un élément d’image de la
pluralité, un montage de circuits pour interroger une valeur stockée en fonction des valeurs de données d’entrée,
et une sortie pour générer en sortie la valeur stockée, la tension de signal pour I'élément d’image étant déterminée
en fonction de la valeur de sortie, la valeur de données spatiale indiquant dans quel groupe est réputé se trouver
I'élément d'image, parmi deux groupes ou plus des valeurs stockées, sur la base de sa position spatiale, et des
valeurs de données latérales formant ensemble une image latérale qui est perceptible par le visionneur hors axe (4).

Dispositif d’affichage selon la revendication 1, dans lequel les valeurs de mise en correspondance et de données
secondaires sont mutuellement agencées de sorte que, pour chacun d’une pluralité de groupes d’éléments d’'image
percus par un visionneur comme présentant une luminance unique a travers un calcul de moyenne spatiale, toute
augmentation de luminance introduite par la ou les valeurs de données secondaires d’'un sous-ensemble d’éléments
dans le groupe est sensiblement compensée par une diminution de luminance sensiblement égale introduite par la
ou les valeurs de données secondaires d’un autre sous-ensemble d’éléments dans le groupe, au moins lorsque les
valeurs de données d’'image respectives des éléments dans les sous-ensembles sont identiques.

Dispositif d’affichage selon la revendication 2, dans lequel au moins certains des groupes comportent une paire
d’éléments d'image, la valeur de données secondaire pour I'un des éléments d'image de la paire étant agencée de
maniére a introduire une augmentation de luminance d’une quantité, et la valeur de données secondaire pour I'autre
élément d'image de la paire étant agencée de maniére aintroduire une diminution de luminance de la méme quantité,
sensiblement, au moins lorsque les valeurs de données d’'image respectives des deux éléments d’'image de la paire
sont identiques.

Dispositif d’affichage selon la revendication 3, dans lequel la modification de luminance introduite par la valeur de
données secondaire est déterminée de sorte que, soit la luminance résultante de I'un des éléments d’'image de la
paire est proche d’'une luminance maximale, soit la luminance résultante de 'autre élément d’image de la paire est
proche d’une luminance minimale.

Dispositif d’affichage selon I'une quelconque des revendications précédentes, dans lequel la réponse de luminance
sur I'axe du panneau d’affichage est non-linéaire relativement a des variations de la valeur de données d’image.

Dispositif d’affichage selon I'une quelconque des revendications précédentes, dans lequel les valeurs de données
latérales forment ensemble une image latérale distrayante qui est pergue par le visionneur hors axe.

Dispositif d’affichage selon la revendication 6, comprenant un moyen pour réduire la résolution de I'image latérale,
de maniere a introduire des blocs localisés présentant des valeurs de données latérales de valeur égale.

Dispositif d’affichage selon I'une quelconque des revendications précédentes, dans lequel la mise en correspon-
dance intégre une conversion des valeurs de données latérales et d’'image en des valeurs de luminance respectives
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équivalentes en fonction d’une propriété du panneau d’affichage.

Dispositif d’affichage selon la revendication 8, dans lequel la propriété comprend une valeur gamma y associée au
panneau d’affichage, et dans lequel la valeur de luminance équivalente M, d’'une valeur de données d’image M;,
est calculée selon I'équation M|, = M, 7, et la valeur de luminance équivalente S|, d’'une valeur de données
latérale S;, est calculée selon I'équation S, = S;,", ou chaque valeur de M ,.,, M;,, S| ym et S;, est représentée

in?
sur une échelle allantde 0 a 1.

Dispositif d’affichage selon la revendication 8 ou 9, dans lequel la mise en correspondance intégre une transformation
de la valeur de luminance équivalente pour la valeur de données d’image.

Dispositif d’affichage selon la revendication 10, dans lequel la transformation est asymétrique.

Dispositif d’affichage selon la revendication 11, dans lequel la transformation comprend une mise a I'échelle et une
translation de la forme Mgy, = B.Myy, + 3, oU B et & correspondent & des paramétres de mise a I'échelle et de
translation respectifs prédéterminés, M, correspond & la valeur de luminance équivalente pour la valeur de
données d’'image, et MCmp correspond a la valeur translatée et mise a I’échelle pour la valeur de données d’image,
ou My, et Mg, sont représentées sur une échelle allant de 0 a 1.

Dispositif d’affichage selon la revendication 12, dans lequel B correspond a une valeur comprise entre 0,35 et 0,55,
et § correspond a une valeur comprise entre 0,02 et 0,08.

Dispositif d’affichage selon la revendication 13, dans lequel  correspond a une valeur comprise entre 0,42 et 0,5,
et § correspond a une valeur comprise entre 0,03 et 0,07.

Dispositif d’affichage selon I'une quelconque des revendications 10 a 11, dans lequel la transformation dépend de
la valeur de données latérale.

Dispositif d’affichage selon la revendication 15, lorsqu’elle dépend de la revendication 12, dans lequel des valeurs
différentes pour B et  sont utilisées en fonction de la valeur de données latérale.

Dispositif d’affichage selon I'une quelconque des revendications 10 a 16, dans lequel la relation entre luminance
hors axe et luminance sur I'axe présente une premiére section qui est plus non linéaire qu’une seconde section, et
dans lequel un premier sous-ensemble des éléments d’image est transformé d’'une premiére maniére, de sorte que
la plage de luminance transformée présente un premier degré de chevauchement avec la premiére section, et un
second sous-ensemble des éléments d’'image est transformé d’'une seconde maniere, différente de la premiéere
maniére, de sorte que la plage de luminance transformée présente un second degré de chevauchement avec la
premiére section, le premier degré de chevauchement étant supérieur au second degré de chevauchement.

Dispositif d’affichage selon la revendication 17, lorsqu’elle dépend de la revendication 12, dans lequel le paramétre
B est remplacé par x.p3, et ou x prend une premiére valeur pour les valeurs de données d’image du premier sous-
ensemble, et prend une seconde valeur, différente de la premiére valeur, pour les valeurs de données d’'image du
second sous-ensemble.

Dispositif d’affichage selon la revendication 18, dans lequel la premiére valeur est inférieure a la seconde valeur,
par exemple 0,1 et 1 pour la premiére valeur et la seconde valeur, respectivement.

Dispositif d’affichage selon I'une quelconque des revendications 10 a 19, dans lequel la mise en correspondance
intéegre une transformation de la valeur de luminance équivalente pour la valeur de données latérale.

Dispositif d'affichage selon la revendication 20, dans lequel la transformation est de la forme S;,, = Sy, x (0,5 -
| Mcmp - 0.5 ), o S, correspond a la valeur de luminance équivalente pour la valeur de données latérale, et S¢,,
correspond a la valeur de luminance équivalente transformée pour la valeur de données latérale, ou Sy, et S
sont représentées sur une échelle allantde 0 a 1.

Dispositif d’affichage selon la revendication 20 ou 21, dans lequel une valeur minimale supérieure a zéro est spécifiée
pour la valeur de luminance équivalente transformée pour la valeur de données latérale.
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Dispositif d’affichage selon la revendication 20, 21 ou 22, comprenant I'addition ou la soustraction d’un multiple de
la valeur de luminance équivalente transformée pour la valeur de données latérale, a/de la valeur de luminance
équivalente transformée pour la valeur de données d'image, le choix entre addition et soustraction étant fait en
fonction de la valeur de données spatiale.

Dispositif d’affichage selon la revendication 23, dans lequel le multiple est égal a 1.

Dispositif d’affichage selon la revendication 23, dans lequel différents multiples sont utilisés pour différents sous-
ensembles d’éléments d’'image.

Dispositif d’affichage selon la revendication 25, comprenant la soustraction d’'un premier multiple de la valeur de
luminance équivalente transformée pour la valeur de données latérale pour un premier sous-ensemble d’éléments
d’'image, et I'addition d’un second multiple de la valeur de luminance équivalente transformée pour la valeur de
données latérale pour un second sous-ensemble d’éléments d’image, le nombre d’éléments d'image dans le second
sous-ensemble correspondant a N fois celui dans le premier sous-ensemble, et le premier multiple correspondant
a N fois le second multiple.

Dispositif d’affichage selon I'une quelconque des revendications 8 a 26, dans lequel la relation entre luminance hors
axe et luminance sur I'axe présente une premiére section qui est plus non linéaire qu’une seconde section, et dans
lequel la quantité de modification de luminance introduite par la valeur de données secondaire est déterminée de
maniére a étre plus élevée lorsque la valeur de luminance équivalente pour une valeur de données d’image se situe
dans la seconde section que lorsque la valeur de luminance équivalente se situe dans la premiére section.

Dispositif d’affichage selon 'une quelconque des revendications précédentes, comprenant un montage de circuits
pour déterminer la valeur de données spatiale a partir d'informations spatiales connexes a I'élément d’'image.

Dispositif d’affichage selon la revendication 28, dans lequel les informations spatiales comportent des coordonnées
d’'image horizontales et verticales associées a I'élément d'image.

Dispositif d’affichage selon 'une quelconque des revendications précédentes, dans lequel sont fournies moins de
valeurs de données latérales qu'il n’existe de valeurs de données d'image, ou au moins une valeur de données
latérale est utilisée pour une pluralité de différentes valeurs de données d’'image.

Dispositif d’affichage selon 'une quelconque des revendications précédentes, dans lequel sont fournies moins de
valeurs de données spatiales qu'il n'existe de valeurs de données d’'image, ou au moins une valeur de données
spatiale est utilisée pour une pluralité de différentes valeurs de données d’'image.

Dispositif d’affichage selon 'une quelconque des revendications précédentes, dans lequel sont fournies moins de
valeurs de données secondaires qu’il n’existe de valeurs de données d'image, ou au moins une valeur de données
secondaire est utilisée pour une pluralité de différentes valeurs de données d’'image.

Dispositif d’affichage selon I'une quelconque des revendications précédentes, comprenant un montage de circuits
pour filtrer 'image, telle que représentée par les valeurs de données d’image, en vue d’ajouter une quantité de flou,
de maniere préférentielle, a de quelconques caractéristiques d’'image haute fréquence, par exemple des lignes.

Dispositif d’affichage selon I'une quelconque des revendications précédentes, dans lequel la valeur de sortie est
utilisée en tant que tension de signal.

Dispositif d’affichage selon 'une quelconque des revendications précédentes, dans lequel le panneau d’affichage
comprend une pluralité de pixels présentant chacun une pluralité de composantes de couleur, et dans lequel chaque

élément d'image est associé a une telle composante de couleur individuelle.

Dispositif d’affichage selon la revendication 35, lorsqu’elle dépend de la revendication 3, dans lequel les éléments
d’'image de la paire se rapportent respectivement a la méme composante de couleur de différents pixels.

Dispositif d’affichage selon la revendication 36, dans lequel les éléments d'image de la paire proviennent de pixels
horizontalement ou verticalement adjacents.
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Dispositif d’affichage selon I'une quelconque des revendications 35 a 37, lorsqu’elles dépendent de la revendication
8, dans lequel différentes conversions sont utilisées respectivement pour au moins deux composantes de couleur,
sur la base de différentes propriétés respectives du panneau d’affichage associées a ces composantes.

Dispositif d’affichage selon I'une quelconque des revendications 35 a 38, lorsqu’elles dépendent de la revendication
17 ou 26, dans lequel le premier sous-ensemble comprend des éléments d'image provenant de différents pixels

respectifs, chaque élémentd’'image du premier sous-ensemble étant associé a une composante de couleur distincte.

Dispositif d’affichage selon 'une quelconque des revendications précédentes, comprenant des moyens pour aug-
menter la non-linéarité de la relation entre luminance hors axe et luminance sur l'axe.
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