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(57) Abstract: A method of processing image data
for display on a display device having a mul-
ti-primary image display panel (2) comprises receiv-
ing image data constituting an image for display on
the image display panel. In a first mode, signal
voltages to be applied to sub-pixels of the image dis-
play panel are determined from the received image
data and from a secondary data value for the pixel
thereby to generate luminance variations perceivable
at a first viewing position (5) but substantially not
perceivable at a second viewing position (3). This
provides a private display mode, since the luminance
variations perceivable at the first viewing position (5)
obscure the image from an observer at the first view-
ing position, while an observer at the second viewing
position (3) is able to perceive the image since the lu-
minance variations are not perceivable (or are sub-
stantially not perceivable) at the second viewing pos-
ition In a second mode, signal voltages to be applied
to sub-pixels of the image display panel may be de-
termined just from the received image data thereby to
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generate an image perceivable at the first viewing po-
sition (5) and at the second viewing position (3). This
provides a public or wide-view display mode.
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Description
Title of Invention: A METHOD OF PROCESSING IMAGE DATA
FOR DISPLAY ON A DISPLAY DEVICE, WHICH COMPRISING

A MULTI-PRIMARY IMAGE DISPLLAY PANEL
Technical Field

[0001]  The present invention relates to a display device, such as an active matrix liquid
crystal display device, which comprises colour sub-pixels of at least four different

colours, and is switchable between a public and private display mode.

Background Art

[0002]  Multiprimary displays, consisting of at least four different colour sub-pixels, have
been developed and produced in several different types, with several different per-
formance aims.

[0003]  Displays using more than the standard three (usually red, green and blue (RGB))
primaries for expansion of the range of displayable colours have been produced
(Proceedings of the IDW'09, 2009, pp 1199-1202), as well as RGBW displays with an
added white sub-pixel to improve display brightness and therefore efficiency (SID'08
Digest, pp 1112-1115). Multiprimary displays have also been produced with the aim of
simultaneously increasing brightness, as well as increasing the ability to render fine
image features on a sub-pixel level (IMID '05 Digest, pp 867-872). Displays with an
additional yellow sub-pixel (RGBY) have also been developed possessing enhanced
brightness, increased colour gamut, and increased sub-pixel rendering ability (SID'10
Digest, pp 281-282). As multiprimary displays have more than three types of colour
sub-pixel, for many colour and luminance values, there may be multiple configurations
of individual data values supplied to the colour sub-pixels which produce the target
colour. The multiple configurations producing the same overall luminance and chro-
maticity are known as metamers. Selection of which of a set of possible metamers to
use for a particular pixel in an image, based on sub-pixel rendering considerations, is
described in US2010 0277498.

[0004]  Several types of display which switchable between a public and private display
mode, with varying degrees of additional cost over a standard display, ease of use and
strength of privacy performance are also well known.

[0005]  Devices incorporating such displays include mobile phones, Personal Digital As-
sistants (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
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[0006]

[0007]

[0008]

[0009]

[0010]

images at certain times, for example an in car television screen while the car is in
motion.

Several methods exist for adding a light controlling apparatus to a naturally wide-
viewing range display, such as a microlouvre film (USRE27617 (F.O. Olsen; 3M
1973), US4766023 (S.-L. Lu, 3M 1988), and US4764410 (R.F. Grzywinski; 3M
1988)). However, this and other methods involving detachable optical arrangements
are not conveniently switchable, requiring as they do manual placement and removal
of the film or other apparatus to change the display from the public to the private
mode.

Methods of providing an electronically switchable privacy function are disclosed in
GB2413394 (Sharp), WO06132384A1 (Sharp, 2005) and GB2439961 (Sharp). In
these inventions, 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
Sh8511 and Sh902i mobile phones. These methods share the disadvantages that the ad-
ditional optical components add thickness and cost to the display.

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. 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.

One example of a display device with privacy mode capability with no added display
hardware complexity is the Sharp Sh702iS mobile phone. This uses a manipulation 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. A key advantage of this type of
method is that in the public mode, the display consists of, and operates as, a standard
display, with no image quality degradation causes by the private mode capability.
However, when in the private mode, the quality of the image displayed to the le-
gitimate, on-axis viewer is severely degraded.

Improved schemes which, when in the private mode, manipulate 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,
are given in GB2428152A1, WO2009110128A1, W0O201134209 and WO201134208.

These methods provide an electronically switchable public/private display with no ad-
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[0011]

[0012]

[0013]

[0014]

ditional optical elements required, minimal additional cost, and satisfactory privacy
performance. However, as the methods all utilise the limited resolution of the human
visual system by representing the main and side images using the average luminance
produced by groups of adjacent pixels. Therefore, a resolution loss in the image

display to the On-axis viewer is incurred.
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 per-
formance (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, particularly with regard to resolution loss incurred in the private mode.
Citation List

Patent Literature
PTL 1: USRE27617
PTL 2: US4766023
PTL 3: US4764410
PTL 4: GB2413394
PTL 5: WO06132384A1
PTL 6: GB2439961
PTL 7: US20070040780A1
PTL 8: GB 0721255.8
PTL 9: GB2428152A1
PTL 10: WO2009110128A1
PTL 11: W0O201134209
PTL 12: W0O201134208
Summary of Invention

A first aspect of the invention provides a method of processing image data for
display on a display device, the display device comprising a multi-primary image
display panel, the method comprising: receiving image data constituting an image for
display on the image display panel; and in a first mode, determining signal voltages to
be applied to sub-pixels of the image display panel from the received pixel data and
from a secondary data value for the pixel thereby to generate luminance variations per-
ceivable at a first viewing position but substantially not perceivable at a second
viewing position.

This mode of operation of the display device provides a private (narrow-view)
display mode for the multi-primary image display panel (which is a display panel

having pixels or sub-pixels of more than the standard three primary colours such as, for
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[0016]

example, an RGBW or RGBY image panel). The luminance variations generated as a
result of the secondary data values serve to obscure the image that would be generated
if the received image data were the sole input, so that a viewer at the first viewing
position (for example position 5 in figure 2) which is outside the intended viewing
range in the private mode (the narrow viewing range 6 in figure 2) cannot make out the
image, or can only see a degraded version of the image, owing to the superposed
luminance variations. A viewer at the second viewing position (for example position 3
in figure 2) which is inside the intended viewing range in the private mode perceives
little or no luminance variations, and so sees the original image (that is, the image that
would be generated if the received image data were the sole input) with little or no
degradation in image quality.

To the accomplishment of the foregoing and related ends, the invention, then,
comprises the features hereinafter fully described and particularly pointed out in the
claims. The following description and the annexed drawings set forth in detail certain
illustrative embodiments of the invention. These embodiments are indicative, however,
of but a few of the various ways in which the principles of the invention may be
employed. Other objects, advantages and novel features of the invention will become
apparent from the following detailed description of the invention when considered in
conjunction with the drawings.

Brief Description of Drawings

In the annexed drawings, like references indicate like parts or features:

[fig.1]Figure 1: is an example schematic of a standard LCD display panel and as-
sociated control electronics.

[fig.2]Figure 2: is a schematic of a display with a switchable public/private viewing
mode, according to an embodiment of the present invention.

[fig.3]Figure 3: is a schematic illustrating how a portion of the control electronics of
the prior art for an RGB type display may be implemented in an electronic circuit.
[fig.4]Figure 4: is a schematic illustrating how a portion of the control electronics of an
embodiment for an RGBW type display may be implemented in an electronic circuit.
[fig.5]Figure 5: is a diagram illustrating the pattern of pixel data modifications applied
in a method of the prior art, and the resulting image resolution loss.

[fig.6]Figure 6: is a diagram illustrating the pattern of pixel data modifications of an
embodiment of the present invention, showing no resolution loss resulting from the
modifications.

[fig.7]Figure 7: is a diagram illustrating the pattern of pixel data modifications applied
to a coloured input data in a method of the prior art, and the resulting image resolution

loss.
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[fig.8]Figure 8: is a diagram illustrating the pattern of pixel data modifications of an
embodiment of the present invention applied to a coloured input data, showing reduced
resolution loss resulting from the modifications.

[fig.9]Figure 9: is a diagram illustrating the pattern of pixel data modifications of an
embodiment of the present invention applicable to RGBY type multiprimary displays,
showing reduced resolution loss resulting from the modifications.

[fig.10]Figure 10: is a diagram illustrating the pattern of pixel data modifications of an
embodiment of the present invention applied an RGBY type multiprimary display with
coloured input data.

[fig.11]Figure 11: is a diagram illustrating the pattern of pixel data modifications of an
embodiment of the present invention applied to an RGBY type multiprimary display
with coloured input data, showing reduced resolution loss resulting from the modi-
fications.

[fig.12]Figure 12: is a diagram illustrating the pattern of pixel data modifications of an
embodiment of the present invention applied to an RGBY type multiprimary display
showing no luminance resolution loss resulting from the modifications, but some
chrominance resolution loss.

[fig.13]Figure 13: is a process flow diagram illustrating a possible implementation of
embodiments of the present invention.

[fig.14]Figure 14: is a process flow diagram illustrating two possible implementations
of an embodiment of the present invention.

[fig.15]Figure 15: is a diagram illustrating the pattern of pixel data modifications of an
embodiment of the present invention applied to a Pentile type display.

[fig.16]Figure 16: is a diagram illustrating the pattern of pixel data modifications of an
embodiment of the present invention applied to a Pentile type display with high spatial
frequency input data.

[fig.17]Figure 17: is a diagram illustrating the pattern of pixel data modifications of a
further embodiment of the present invention applied to a Pentile type display.
[fig.18]Figure 18: is a diagram illustrating the pattern of pixel data modifications of a
further embodiment of the present invention applied to a Pentile type display with high
spatial frequency input data.

[fig.19]Figure 19: is a diagram illustrating the pattern of pixel data modifications of a
further embodiment of the present invention applied to a Pentile type display with high
spatial frequency input data.

[fig.20]Figure 20: is a diagram illustrating the pattern of pixel data modifications of a
still further embodiment of the present invention applied to a Pentile type display.
[fig.21]Figure 21: is a diagram illustrating the pattern of pixel data modifications of a

still further embodiment of the present invention applied to a Pentile type display with
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high spatial frequency input data.

[fig.22]Figure 22: is a diagram illustrating the pattern of pixel data modifications of a
still further embodiment of the present invention applied to a Pentile type display, with
uniform, and high spatial frequency input data.

Description of Embodiments

In a first embodiment, the display consists of a standard (single wide-viewing
(public) mode only), multiprimary (comprising four or more types of colour sub-pixel)
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. A liquid crystal (LC) panel, for displaying an image by spatial light modulation,
consisting of two opposing glass substrates, 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 micro
meter, 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.

An embodiment of the present invention is represented schematically in Figure 2.
Generally the LCD Control Electronics (referred to herein also as control electronics),
1, will be configured specifically 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
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[0022]  The multi-primary LC panel, 2, will generally be configured with multiple LC

[0023]

[0024]

[0025]

[0026]

[0027]

domains per sub-pixel and/or passive optical compensation 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, 4. 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 in-
evitably 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, 5.

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.

The control electronics has a single mapping of input pixel data value to output pixel
data voltage (Look-up table 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, 5, and the display can be said to be operating in a wide
viewing mode.

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.

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 may also
be dependent on a third parameter determined by the spatial position of the pixel
within the display.

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, possibly also taking
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[0029]
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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.

The third, spatially dependent, parameter may be 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.

The output voltage from the control electronics, 1, then causes the multi-primary 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, 5,
these off-axis observers perceive the side image most prominently, which obscures
and/or degrades the main image, securing the main image information to viewers
within a restricted cone of angles centred on the display normal, 6. The modifications
to the control electronics achieve this by altering the brightness of groups of two or
more neighbouring sub-pixels of the same colour type from that specified by the main
image data, so that while the group maintains a luminance the same or proportional to
the overall or average luminance as specified by the main image data as observed by
the on-axis viewer, 3, the distribution of luminance within the group is changed to a
greater or lesser extent. For example, two sub-pixels of 50% luminance may have their
luminance altered in equal and opposite directions, so they maintain the same average
to the on-axis viewer, but their average luminance to the off-axis viewer, 5, changes as
the degree of alteration is increased.

The invention so far described amounts thus makes it possible to apply the methods
for producing a switchable privacy mode disclosed in GB2428152A1,
WO02009110128A1, W0O201134209 and W0O201134208, applied to a multi-primary
LCD panel, and the above noted applications are incorporated herein by reference. The
remainder of this disclosure will concentrate on the optimal preferred means of
applying the methods of the above applications to multi-primary displays in order to
maximise main image quality in the private mode, as well as variations and de-
velopments on these methods designed to improve the performance of such privacy
technology on multiprimary displays.

In a further embodiment, the display consists of a multiprimary display incorporating
the modified control electronics described above, and in the aforementioned
references, for providing a switchable privacy mode. In order to incorporate such a

privacy mode, the modified control electronics would have to be expanded from those
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of the prior art to provide for processing of the extra colour sub-pixel data, over the
standard RGB data. Such an expanded modified control electronic may take the form
of those illustrated in Figure 4 for an RGBW display.

Note in this figure, the main image data, 7, input to the modified control electronics,
1, already consists of separate R,G,B and W channels. In most multiprimary displays,
the display control electronics accept RGB data only, and the data for additional sub-
pixels is generated using a gamut mapping algorithm or some other calculation. For the
purposes of this disclosure, it will be assumed that this is the case (ie, that the display
control electronics accept RGB data only), and the image data processing applied to
produce the privacy effect is applied to each of the final number of colour channels
separately. It may be the case though that the display is configured to accept data in an
increased number of colour channels, or that the privacy processing is performed on
the RGB data channels, and then the additional colour channel data generation process
is modified to carry the privacy data processing through to the additional channels.

For simplicity, the embodiments described herein will be as pertaining to RGBW or
RGBY multiprimary displays. It should be noted however, that the same embodiments,
with minor modifications obvious to the reader skilled in the art, will be applicable to
other four primary displays, such as an RGBG type layout, or displays with 5, 6 or
more types of primary colour sub-pixel, such as large gamut RGBCMY displays.

As noted above, GB2428152A1, WO2009110128A1, W0O201134209 and
W0201134208 provide an electronically switchable public/private display by making
use of the limited resolution of the human visual system by representing the main and
side images using the average luminance produced by groups of adjacent pixels.
Therefore, a resolution loss in the image display to the On-axis viewer is incurred. To
prevent this, in the present embodiment, for an RGBW display, the spatial "flag"
parameter may be configured so that for adjacent pixels, one pixel will have the
brightness of the R, G and B sub-pixels increased, and the brightness of the W pixel
decreased, while the other pixel will have the sub-pixel brightnesses modified in the
opposite direction. In this way if the input luminances of the R,G,B and W pixels are
equal, i.e. a greyscale image, and the W pixel provides luminance equal to the sum of
the R, G and B pixel luminances at the same data values, then the change in luminance
and chromaticity applied to the R, G and B sub pixels in total is equal and opposite to
that applied to the W pixel, so no loss of resolution occurs. This effect is illustrated in
Figures 5 and 6.

Figure 5 shows that for an RGB display, a pair of pixels in which all the sub-pixels
are at 50% luminance (mid grey), may be modified so that all pixels are at either zero
or maximum luminance, while maintaining the same amounts of average luminance

from each sub-pixel type, and therefore the same overall luminance and chromaticity.
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This is the approach used in GB2428152A1, WO2009110128A1, W0201134209 and
W0201134208. This involves changing the luminance and chromaticity produced by
each RGB pixel individually however. As the correct luminance and chromaticity is
only produced by the two pixels together, this may be considered as a loss of
resolution. The pattern of modification which minimises the change in overall
luminance of the individual pixels of the pair is one in which the green sub-pixel of
pixel 1 is made darker, while the red and blue sub-pixels are made brighter, with the
opposite changes occurring in pixel 2. Even with this minimal change configuration,
the overall luminance of the pixels is changed from 0.5 to 0.285 or 0.715, a 21.5%
error. (In Figures 5 to 8, the overall luminance (L) and chromaticity (X, y) values are
calculated assuming the display conforms to the SRGB colour standard. The details of
the XYZ tristimulus values of the primary colours, and equations for calculating the
overall luminance and chromaticity of an sSRGB pixel with given RGB values are given
in IEC 61966-2-1:1999 and in Stokes et al "A standard default color space for the
internet-sRGB" v.1.10 1996.)

Figure 6 shows that if the same modifications are applied to a pair of pixels in an
RGBW type display, using the spatial configuration of modifications described above,
then there is no change of luminance or chromaticity within each pixel, so no
resolution loss has occurred. The process uses the fact that the three configurations of
sub-pixel values are metamers, producing the same overall result despite having
different sub-pixel values.

Even if the R,G,B and W values are not equal, the overall change in luminance
incurred within a single pixel will be greatly reduced for most colours than the
equivalent processing applied to an RGB only display, when altering the distribution of
the same overall luminance between two or more sub-pixels of the same type. This
reduced change in overall pixel luminance caused, for coloured main image input data,
is shown in Figures 7 and 8.

Figure 7 shows a pair of pixels each producing an overall light skin tone colour. If
the overall luminance of each pair of like colour sub-pixels is redistributed so that,
rather than being equal in each pixel, is maximally concentrated in one of the two
pixels, again the overall luminance and chromaticity of the pair is maintained, but the
luminance and chromaticity of the individual pixels is altered, even when patterning
the direction of modification of each pair of sub-pixels to minimise this. Each pixel has
its luminance changed from 0.335 to 0.24 or 0.43.

Figure 8 shows the same process applied to an RGBW display, starting with RGBW
values which give very similar luminance and chromaticity values as in Figure 7. In
this instance, if the overall luminance of each sub-pixel pair is maximally concentrated

in one of the pair, the overall luminance an chromaticity of each RGBW pixel cannot
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be maintained, but the luminance error is only 0.342-0.34 (0.2%) compared to the
9.5% error of the RGB display.

In a further embodiment, for an RGBY display the spatial "flag" parameter may be
configured so that for adjacent groups of sub-pixels, one group will have the brightness
of the R and G sub-pixels increased, and the brightness of the B and Y sub-pixels
decreased, while the other group will have the sub-pixel brightnesses modified in the
opposite direction.

Although this does not result in privacy processing for greyscale images with no
resolution loss, as is possible for an RGBW display, it does result in significantly
reduced resolution loss in comparison to an RGB display As shown in Figure 9, the in-
dividual pixel luminances are changed from 0.5 to 0.536 or 0.464 by the modifications,
a luminance error of only 3.6%, compared to the 21.5% error of the RGB display.

Figure 10 shows, that for the present embodiment, when the main image input data
prescribes the same light skin tone colour as shown in Figures 7 and 8, applying the
modifications according to the described pattern on an RGBY display will not produce
a significantly smaller individual pixel luminance error than the modification for an
RGB only display (0.343 to 0.436 or 0.249 is a 9.4% error, compared to the 9.5% for
the RGB method). Indeed, for some input colours, a different pattern of modifications,
such as increasing the luminance of the R, G and B sub-pixels, and reducing the
luminance of the Y sub-pixel in pixel 1, and applying the opposite change in pixel 2
may yield improved results. This is illustrated in Figure 11, which shows the same
light skin tone input modified according to the amended pattern yield an individual
pixel luminance error of 4.9%.

In a still further embodiment therefore, the pattern of modifications applied to each
pair of pixels may be varied on a pair by pair basis, in order to select the pattern which
most closely maintains the individual pixel luminances as prescribed by the main
image data for each pair.

It can be seen however, that for some input colours, no pattern of modifications
exists which allows the distribution of luminance within each pair of like sub pixels to
be concentrated maximally in one sub-pixel of the pair, while maintaining the overall
luminance of each whole pixel of the pair. In a still further embodiment, the sub-pixel
data modifications are performed as described above to the R, G and B sub-pixels, so
as to maximally concentrate the combined luminance of each pair of like sub-pixels in
one of the pair. The luminance modification applied to the additional W or Y sub-pixel
is then calculated so as to compensate for the change in overall pixel luminance
incurred by the change to the R, G and B sub-pixels (or alternatively, for the case of an
RGBY display, to compensate for the change in overall pixel luminance incurred by

the change to the R and G sub-pixels only).
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While for input data combinations for which it is not possible to maximally re-
distribute luminance between like sub-pixel pairs while maintaining overall individual
pixel luminance, this will result in a change to the W or Y pixel values which does not
maximally redistribute their combined luminance (and therefore does not maximise the
privacy strength effect of the processing), it will ensure no resolution loss in the
luminance domain is incurred. This is illustrated in Figure 12, in which the input data
of Figure 10 is modified according the pattern of that Figure 10, but the redistribution
of luminance between the Y sub-pixel of the pair is limited so as to maintain the
overall luminance of each individual pixel. It may be noted that the same method may
be applied using the pattern of modifications shown in Figure 11, or indeed any pattern
of modifications applied to the three standard primary colour sub-pixels.

It may be the case that of the possible modification pattern applicable to the R, G and
B sub-pixels, one will result in a modification to the W or Y sub-pixel according to the
present method which results in a stronger privacy effect (i.e. more complete con-
centration of the combined W or Y pixel luminance within one pixel of the pair) In a
further embodiment, the process identifies which pattern of modifications produces the
optimum result according to this measure, and selects the be applied to each pair if
pixels, on a pair-by-pair basis.

It may be noted that this method has the advantage that if the input data is such that
the like sub-pixel luminances can be maximally redistributed for all types of sub-pixel,
while maintaining the overall individual pixel luminances, this method will achieve
that, i.e. if the input data is as shown in Figure 6, and the method as illustrated in
Figure 12 is applied, the output data will be the same as shown in figure 6. It should
also be noted that, while individual pixel luminance is maintained by this method, and
therefore luminance resolution loss is prevented, for most colours the overall chro-
maticity values of the individual pixels will be altered (as shown by the differing x, y
values in Figure 12), though chromaticity will still be maintained over the pair of
pixels. This may be acceptable, as the resolution of the human eye to changing chro-
maticity is greatly reduced compared to its luminance acuity.

It may also be the case that, for some input data colours, after maximal redistribution
of the luminance of the R, G, and B pixels, the change in luminance required of the W
or Y pixel may be beyond the achievable range (i.e. less than O or greater than 1, in the
luminance notation used so far). It may be desirable, for simplification of the
processing, to simply truncate these "overflow" values, and accept the resulting error in
overall pixel luminance. In a further embodiment however, either the amount of
luminance overflow is registered and returned to the R, G and B sub-pixels (by further
varying the data values for the R, G and B sub-pixels to alter the overall luminance of

the R, G and B sub-pixels to take up the "luminance overflow" that the W or Y pixel
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cannot provide) or the amount of modification applied to the R, G and B sub-pixels is
limited to allow full compensation by the W or Y pixel.

In a still further embodiment, if an overflow is registered, a different pattern of modi-
fications to the R, G and B pixels is selected which produces a different overall
luminance change, which can be compensated for by changes to the W or Y pixel
within the achievable range. It may be the case that, for each pair of pixels being
processed, the method identifies the optimum pattern of modifications to the R, G, B
and W or Y pixels for both the strength of the privacy effect, as described above, and
for minimisation of overall luminance change, or the ability of the W or Y sub-pixels
to be altered to compensate for the change in overall luminance applied to the R, G and
B sub-pixels. It may however be the case that the sub-pixels are modified according to
a standard pattern, and it is only in the case that that an "overflow" value is incurred in
the calculation of modified values for the W or Y sub-pixel that other modification
patterns are tested.

In a still further embodiment, the W or Y sub- pixel value is truncated, and the
"overflow" value required of to maintain the original pixel luminance passed on the
next pixel pair, or a another neighbouring pixel pair, to be taken account of in the cal-
culation for that pair, in an error diffusion type process.

The process flow of these embodiments is illustrated in Figure 13.

It may be the case that, for the processes described in the above embodiments, if the
input values of the pixels being modified are different for the two pixels in the pair,
either the individual overall pixel luminance will not be maintained, or the overall
chromaticity values of the pair will not be maintained. In still further embodiments, if
the input values of the pixels of a pair differ by an amount exceeding a given threshold,
then one of the luminance maintaining processes of the type illustrated in Figure 13
may be used for these pairs only, while a more simple processing method may be used
for the remaining more similar pixel pairs, or if the difference threshold is exceeded, a
supplementary check and correction on the overall chromaticity of the pixel pair after
modification may be applied. This correction may be similar to the corrections for
luminance "overflow" described above, i.e. the registered chromaticity error may be
corrected for within the pair of pixels by limiting the degree of modification applied to
the individual sub-pixels, or by exchanging luminance between the sub-pixels of
different types. Alternatively, the error may be passed on to the calculation for the next
pixel pair to be taken account of in the calculation for that pair, in an error diffusion
type process..

It should be noted that, while the description of the above embodiments has con-
centrated on modification to the sub-pixel values which maximally concentrate the

luminance of a pair of like sub-pixels in neighbouring pixels in one or the other of the
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sub-pixels, in order to maximise the strength of the privacy effect, it may also be the
case that, depending on the side image data, a less than maximal redistribution may
provide a more accurate match to the desired side image luminance at the corre-
sponding position in the image. Indeed, WO2009110128A1 details a method using
four pre-calculated degrees of modification for each input value to process images
allowing four different off-axis brightnesses for each colour channel. All of the em-
bodiments described herein could equally apply to methods in which varying degrees
of modification are used to control off-axis image appearance.

In a still further embodiment, the intended position in a particular colour space, e.g.
the CIEXYZ or CIELAB spaces for each pixel according to both the main image and
side images is determined according to the main and side image input data. The com-
bination of R, G B and W or Y sub-pixels which best satisfies the required positions in
both images is selected. This method may be implemented in several different ways.

For each pixel in the display, a calculation may be performed in order to select the
best combination of sub-pixel data values to satisfy both the main and side image re-
quirements as the main and side image data is input to the display. In order to operate
at video rate, this calculation would have to be fast however, and the number of sub-
pixel data value combination to be considered may be prohibitive. It may be more
practical to pre-calculate the On-axis and Off-axis colour space positions for each com-
bination of R, G, B and W or Y Sub-pixel data values and store these results in a LUT
for retrieval according to the main and side image data as this data is input to the
display. However, again due to the number of sub-pixel data value combinations, the
memory required for storage of such an LUT may be prohibitive. Process flows of
these possible implementations are shown in Figure 14 (a) and (b) respectively. It may
be even more practical to perform a calculation which, for each set of R, G and B sub-
pixel data input to the panel, the set of available metamers for the On-Axis viewer is
calculated, and the metamer which also best satisfies the side image colour re-
quirements is selected from this set. The method of calculation of metamers may be
similar to that described in US20100277498A1. It may also be the caser that, if a
certain amount of tolerance is allowed in the colour space values of the calculated
available metamers, than an increased set of metamers may be available for each com-
bination of R, G and B main image sub-pixel input data, and therefore a better match to
the Off-Axis colour space position required by the side image data may be found. This
degree of tolerance may be specified according to the Euclidean distance in the colour
space between the ideal position according to the input data, and the actual position of
each metamer. Such colour difference measures are well known for several colour

spaces, such as the "Delta E" calculation in CIELAB colour space:
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Again, in the case that of the available metamers for selection, there are none which
produce the target Off-Axis colour according to the side image data to within a sat-
isfactory error, the best available metamer may be selected and the corresponding R,
G' B'and W' or Y' data values output to the panel, while the difference between the
target and output metamer colour values may be stored, for inclusion in the calculation
for the next, neighbouring pixel, in an error diffusion type process.

It should be noted that, in the above examples and associated figures, the pixel layout
for the multiprimary display has been assumed to be of an RGBX stripe configuration,
i.e. each pixel of the display consists of one each of an R, G, bad n W or Y type sub-
pixel, in a side-by side arrangement, and that all pixels of the display have the same ar-
rangement of sub-pixels. The methods described above are equally applicable to mul-
tiprimary displays in which the sub-pixel arrangement in each pixel is different from
this, e.g. pixels with a 2x2 arrangement of sub-pixels are possible, as opposed to 4x1
stripe arrangements. Both 2x2 and 4x1 arrangements are also possible, in which the
ordering of the R, G, B and W or Y pixels differs in some pixels compared to others,
e.g. an (R, G, B, W), (R, W, B, G) pattern may be utilised. It may be that some of
these patterns may be more advantageous than others for the application of the
methods described herein, in terms of the macroscopic appearance of the modified
pixel data, but application of the methods described to all possible sub-pixel ar-
rangement patterns should be considered within the scope if this invention.

The methods of this invention are also applicable to multiprimary displays in which
not all pixels of the display comprise one of each type of sub-pixel, or in which data is
rendered onto the display with sub-pixel resolution. Examples of such displays, in
which some types of colour sub-pixel are alternated spatially in the display pixels, or
are shared between neighbouring pixels, and therefore the chromaticity resolution of
the panel is different to the luminance resolution, are described in IMID' 05 Digest pp
867-872 and the SID'08 Digest, pp 1112-1115, and are commonly known as "Pentile"
type displays. Pentile type displays with a number of different configurations have
been proposed and utilised on display devices, such an RGBW type Pentile patterns
and RGBG type Pentile patterns.

In the case of the present methods being utilised on such a display, pairs of
neighbouring sub-pixel of the same type may be identified for transfer of luminance
between the two sub-pixels in the pair, even though the two may not be in what the

display considers to be neighbouring whole pixel regions. The pattern of achieving this
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which is most straightforward (luminance transferred between pairs of nearest like sub-
pixel types) and which results in a bright-dark sub-pixel pattern of the highest spatial
frequency, and therefore smoothest macroscopic appearance, is shown in Figure 15, for
uniform mid-grey main image data (a) and the same input data modified to produced a
dark side-image appearance (b). As the data with the figure shows, the overall in-
dividual sub-pixel luminances are maintained though the modifications, so the
macroscopic appearance to the on-axis viewer 3, e.g. overall luminance and chro-
maticity co-ordinates, will remain unaltered.

However, if the pixel data modifications are made in this manner, and the main
image consists of data rendered at a sub-pixel level, then colour artefacts can occur.
This is illustrated in Figure 16, which shows black and grey vertical lines of two sub-
pixel widths each. It can be seen from the figure that, despite the lines in the input
image being less then the combined width of all the sub-pixel types, a neutral colour is
maintained within both the bright and dark lines. After modification according to the
pattern shown in Figure 15 however, the bright lines are made coloured, which is un-
desirable. The same would also be true if the input main image comprised horizontal
black and grey lines of the shortest possible pitch, one sub-pixel width.

In a further embodiment which avoids this problem, for Pentile type displays, a
grouping of colour sub-pixels containing one of each type is defined for the purposes
of the privacy processing, even if such a grouping does not constitute one conventional
white pixel in the display. Such a grouping is illustrated in Figure 17. Image data mod-
ifications are then applied which maintain the overall luminance of the grouping, as
previously described and illustrated in Figures 6 to 12. Figure 17 also shows that, for a
uniform grey input main image, after modification according to the above described
method, the overall luminance and chromaticity co-ordinates, both of individual pixel
groupings and of larger areas, remain the same. The resulting pattern of bright and dark
sub-pixels is coarser than that of Figure 15, although it is no coarser than a chequer
pattern of bright and dark whole pixels, so is unlikely to be visible to the on-axis
viewer 3.

In the case of the input main image comprising maximum spatial frequency vertical
lines, this method results in a much improved retention of the initial high-spatial
frequency pattern, while still allowing near-maximal alteration of the individual sub-
pixels values except the blue type. This is shown in Figure 18. The resulting effect for
a high horizontal resolution input image is very poor however, with the processing
resulting in an effective erasing of the horizontal line information, and no change to in-
dividual sub-pixel data levels, as shown in Figure 19.

In a further embodiment, a "virtual" grouping of each of the sub-pixel types is

defined for the purposes of the privacy processing. Such a virtual grouping may
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comprise portions of two or more sub-pixels of one or more types, to collectively
represent one whole sub-pixel. Such groupings are illustrated in Figure 20. In the
example of the figure, each grouping comprises a red, blue and white sub-pixel, and
two halves of two green-sub pixels of the display. Image data processing according to
the above described method, on a uniform grey input image region (shown in Figure
20 (a)), results in the pattern shown in Figure 20 (b). As can be seen this method has
the advantages that the "centre of mass" of luminance of each grouping is better
maintained, and a fine spatial pattern results from the data modifications (shown in
Figure 20 (b)), although the green sub-pixels do not have any modification applied due
to them being shared between different groupings. Figure 21 shows the improved per-
formance of this pattern for high spatial frequency vertical lines in the input main
image data, over the pattern of Figures 17-19, although the sharpness and colour of the
lines is not perfectly preserved after modification Similar improvement is also
achieved for horizontal lines.

In a still further embodiment, the privacy processing is implemented on a Pentile
type display and the pattern of modifications applied is the shown in Figure 22 (a) for
uniform grey input main image data. This pattern consists of straightforward transfer
of luminance between near like sub-pixels, as in the pattern of Figure 15, but in this
instance, the direction of luminance transfer is altered for each grouping of all sub-
pixel types every grouping in the vertical direction, but every two groupings in the
horizontal direction. E.g. if a 2x2 grouping of one each for the R, G, B and W sub-
pixels has the B and G sub-pixels made brighter, and the R and W sub-pixel made
darker, then the 2x2 grouping to the right of that one may have the same result of the
modifications, while the 2x2 grouping to the right of that, and the 2x2 grouping below
the first 2x2 grouping may have the opposite modifications applied.

The advantages of this pattern are shown in Figure 22 (b and (c¢), which show that the
data modification may be applied as described to each sub-pixel in isolation, assuming
the neighbouring sub-pixel is of equal input data value, and when the input main image
data comprises either vertical (b) or horizontal (c) stripes, the pattern of modifications
preserves the overall luminance and chromaticity of each line region, while allowing
maximal change to be applied to the sub-pixel data values. This pattern will therefore
allow a strong privacy effect, with no blurring or false colouring of high-spatial
frequency input data. Only if the input data consists of a pattern matching the pattern
of modifications (e.g. a 1x2 pixel chequer pattern) will a problem occur. The em-
bodiment may therefore include a filtering step for the input main image data to detect
this type of input pattern and either apply a blur to detected regions, or alter the pattern
of modification to prevent image artefacts.

In a still further embodiment, the pattern of image data modifications may be
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reversed or otherwise altered temporally, as well as spatially in the image. For example
the pattern may be reversed every frame or second frame at the video display rate. In
this way, any visibility of the resulting modification patterns, particularly on low pixel
resolution displays may be reduced. In these cases, the magnitude of the data modi-
fications may also be calculated to take into account the switching response of the LC
display, to ensure the desired overall luminance and chromaticity is produced by each
image region of the display despite the rapidly switching pixel data values.

Although the invention has been shown and described with respect to a certain em-
bodiment or embodiments, equivalent alterations and modifications may occur to
others skilled in the art upon the reading and understanding of this specification and
the annexed drawings. In particular regard to the various functions performed by the
above described elements (components, assemblies, devices, compositions, etc.), the
terms (including a reference to a "means") used to describe such elements are intended
to correspond, unless otherwise indicated, to any element which performs the specified
function of the described element (i.e., that is functionally equivalent), even though not
structurally equivalent to the disclosed structure which performs the function in the
herein exemplary embodiment or embodiments of the invention. In addition, while a
particular feature of the invention may have been described above with respect to only
one or more of several embodiments, such feature may be combined with one or more
other features of the other embodiments, as may be desired and advantageous for any
given or particular application.

A first aspect of the invention provides a method of processing image data for
display on a display device, the display device comprising a multi-primary image
display panel, the method comprising: receiving image data constituting an image for
display on the image display panel; and in a first mode, determining signal voltages to
be applied to sub-pixels of the image display panel from the received pixel data and
from a secondary data value for the pixel thereby to generate luminance variations per-
ceivable at a first viewing position but substantially not perceivable at a second
viewing position.

This mode of operation of the display device provides a private (narrow-view)
display mode for the multi-primary image display panel (which is a display panel
having pixels or sub-pixels of more than the standard three primary colours such as, for
example, an RGBW or RGBY image panel). The luminance variations generated as a
result of the secondary data values serve to obscure the image that would be generated
if the received image data were the sole input, so that a viewer at the first viewing
position (for example position 5 in figure 2) which is outside the intended viewing
range in the private mode (the narrow viewing range 6 in figure 2) cannot make out the

image, or can only see a degraded version of the image, owing to the superposed
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luminance variations. A viewer at the second viewing position (for example position 3
in figure 2) which is inside the intended viewing range in the private mode perceives
little or no luminance variations, and so sees the original image (that is, the image that
would be generated if the received image data were the sole input) with little or no
degradation in image quality.

The method may comprise, in a second mode, determining signal voltages to be
applied to sub-pixels of the image display panel from the received pixel data thereby to
generate an image perceivable at the first viewing position and at the second viewing
position. This mode provides a wide-view (public) display mode. Switching between
the first (private) mode and the second (public) mode may be effected by, for example,
use of a "Privacy mode On/Off" signal as shown in figure 4.

The method may comprise, in the first mode, determining signal voltages to be
applied to sub-pixels of the image display panel so as to minimise a change in overall
luminance of a pixel to a viewer at the second viewing position. This minimises
degradation of the image seen at the second viewing position. By a "change in
luminance to a viewer at the second viewing position" is meant the difference in
luminance seen by the viewer in the first mode for different values of the secondary
data value being applied, i.e. the dependence of the luminance of a pixel to a viewer at
the second position on the secondary data value).

The method may comprise, in the first mode, determining signal voltages to be
applied to sub-pixels of the image display panel such that the signal voltage for a first
sub-pixel of a first pixel of the image display panel is changed in an opposite direction
to the signal voltage for a second sub-pixel of the first pixel. Referring to a signal
voltage for a sub-pixel being "changed" means that the signal voltage generated for a
sub-pixel in the first mode for one value of the secondary data values not the same as
the signal voltage that would have been generated for that sub-pixel in the first mode
for a second value of the secondary data value, and a "change" in the signal voltage for
a sub-pixel refers to the difference between the signal voltage generated for a sub-pixel
in the first mode subject to one secondary data value and the signal voltage that would
be generated for that sub-pixel in the first mode for a second value of the secondary
data value (for the same main image data).

The image display panel may be an RGBW image display panel and the method may
comprise, in the first mode, determining signal voltages such that the signal voltage for
a white sub-pixel of the first pixel is changed in an opposite direction to the signal
voltages for red, green and blue sub-pixels of the first pixel.

The image display panel may bean RGBY image display panel and the method may
comprise, in the first mode, determining signal voltages such that the signal voltage for

a yellow sub-pixel of the first pixel is changed in an opposite direction to the signal
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voltages for at least red and green sub-pixels of the first pixel.

The method may comprise, in the first mode, determining signal voltages to be
applied to sub-pixels of the image display panel such that the signal voltage for a first
sub-pixel of a second pixel of the image display panel is changed in an opposite
direction to the signal voltage for a first sub-pixel of the first pixel, the first pixel being
adjacent to the second pixel.

The method may comprise determining signal voltages to be applied to sub-pixels of
the image display panel separately for each pixel pair.

The method may comprise, in the first mode, determining the signal voltage to be
applied to a sub-pixel having the greatest luminance contribution so as to compensate
for differences in luminance of other sub-pixels between the first mode and the second
modes.

The method may comprise, in the first mode, determining the signal voltage to be
applied to a white sub-pixel so as to compensate for differences in luminance of red,
green and blue sub-pixels between the first mode and the second modes.

The method may comprise, in the first mode, determining the signal voltage to be
applied to a yellow sub-pixel so as to compensate for differences in luminance of red,
green and blue sub-pixels between the first mode and the second modes, or to
compensate for differences in luminance of red and green sub-pixels between the first
mode and the second modes.

The method may comprise, in the first mode, determining signal voltages to be
applied to sub-pixels of the image display panel thereby to substantially maximise
luminance variations perceivable at the first viewing position.

The method may comprise, in the first mode: determining signal voltages to be
applied to sub-pixels not having the greatest luminance contribution; determining the
signal voltage to be applied to a sub-pixel having the greatest luminance contribution
so as to compensate for differences in luminance of other sub-pixels between the first
mode and the second modes; checking whether the determined signal voltage to be
applied to a sub-pixel having the greatest luminance contribution exceeds a threshold
voltage; and, if the determined signal voltage exceeds the threshold, setting the signal
voltage to be applied to the sub-pixel having the greatest luminance contribution to be
equal to the threshold voltage.

The method may comprise, if the determined signal voltage to be applied to a sub-
pixel having the greatest luminance contribution exceeds the threshold, taking this into
account when determining signal voltages to be applied to sub-pixels of a subsequent
pixel.

The method may comprise, in the first mode: determining signal voltages to be

applied to sub-pixels not having the greatest luminance contribution; determining the
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signal voltage to be applied to a sub-pixel having the greatest luminance contribution
so as to compensate for differences in luminance of other sub-pixels between the first
mode and the second modes; checking whether the determined signal voltage exceeds
a threshold voltage; and, if the determined signal voltage exceeds the threshold, re-
determining the signal voltages to be applied to sub-pixels not having the greatest
luminance contribution.

The method may comprise, in the first mode, determining whether the difference in
pixel data between two pixels exceeds a threshold; if so, determining whether the
signal voltages determined for the sub-pixels of the pixels lead to a change in overall
chrominance of the two pixels have been modified; and if so, re-determining the signal
voltages determined for the sub-pixels of the pixels to reduce the change in overall
chrominance of the two pixels, while leaving the overall luminance in each pixel
unchanged. Again, the term "change in overall chrominance" refers to the difference
between the chrominance that would be generated by applying the signal voltages de-
termined in the first mode with one possible value of the secondary data value and the
chrominance that would be generated by applying the signal voltages that would be de-
termined in the first mode with a different possible value of the secondary data value
(for same image data).

The method may further comprise, if the determined signal voltages to be applied to
the sub-pixels result in a change in chrominance, taking this into account when de-
termining signal voltages to be applied to sub-pixels of a subsequent pixel.

The method may comprise, in the first mode, determining whether the difference in
pixel data between two pixels exceeds a threshold; and applying a method as defined
above to the two pixels only if the difference in pixel data between the two pixels
exceeds the threshold. The "pixel data" for a pixel are the set of input values for the
sub-pixels of that pixel, so determining whether pixel data for two pixels differ by
more than a threshold value may for example involve determining whether any of the
input values for each colour differ by more than a threshold, or whether e.g. at least
two or more of the inputs for like sub-pixels differ by more than a threshold. Alter-
natively, it may involve the determining whether some calculated value of an overall
difference between two pixels, for example based on weighted differences between the
inputs for like sub-pixels of the two pixels, exceeds a threshold.

The method may comprise, in the first mode: determining colour space values for a
pixel for the pixel data for that pixel; determining colour space values for the pixel for
the secondary data value for that pixel; and determining signal voltages to be applied to
sub-pixels of the pixel on the basis of the colour space values.

The method may comprise: for a group of pixels in the image, calculating metamers

for the pixels which have, to within an error threshold, the same average luminance
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and chrominance and which have the same individual luminance for each pixel in the
group as the input data; and selecting one of the metamers based on the calculated
luminance variations perceivable in the first part of the first viewing angle range for
the metamers.

The previous method (that is, involving the determination of colour space values) de-
termines output voltages for each pixel based on inputs for that pixel only. In contrast,
this method considers inputs from more than one pixel and this allows greater scope
for luminance redistribution by requiring only that the luminance of individual pixels is
accurate (that is, each individual pixel has the luminance that would be given by the
input mage data in the absence of the secondary data). The chrominance of individual
pixels may be chosen freely, as long as the average chrominance of the pixels is
accurate. Thus, as an example it is possible to calculate metamers for a pair of pixels,
or for a block of 4 pixels - the individual pixels are restricted to having the correct
luminance, but the chrominance is restricted only in that the average chrominance for
the pair of pixels, or for the block of 4 pixels, is correct.

The method may comprise taking account of any error in the selected metamer for a
pair of pixels when selecting a metamer for a next pair of pixels. By "error" is meant a
difference between the luminance and/or chrominance that would be generated by the
signal voltages corresponding to the selected metamer and the luminance and/or
chrominance that would be generated by the signal voltages that would have been
obtained just from the input data for the pixels.

The method may comprise, in the first mode, defining virtual pixels, at least one sub-
pixel being shared between two neighbouring virtual pixels.

The different between a voltage applied to a sub-pixel in the first mode and the
voltage applied to the sub-pixel in the second mode changes polarity every N frames.
For example, N may be 1, or N may be 2, corresponding to a reversal after every frame
or after every 2 frames respectively.

In the first mode, signal voltages to be applied to sub-pixels of a pixel of the image
display panel may be determined from the received pixel data, from a secondary data
value for the pixel, and from a parameter indicating the location of the pixel.

A second aspect of the invention provides a control circuit for a multi-primary
display panel, the control circuit being adapted to perform a method of the first aspect.
The processing of the image data to obtain the signal voltages may be carried out by a
control circuit that is separate from the display panel, such as the LCD control
electronics of figure 2, with the signal voltages then being sent from the control circuit
to the display panel.

A third aspect of the invention provides display comprising a control circuit of the

second aspect and a multi-primary display panel, the control circuit being adapted to,
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in use, output the modified sub-pixel colour component data values to the multi-
primary display panel.

A fourth aspect of the invention provides a multi-primary display panel adapted to
perform a method of the first aspect. In this aspect processing of the image data to
obtain the signal voltages is carried out within the display panel, so that the display
panel receives the image data and generates the required signal voltages.

A fifth aspect of the invention provides a computer-readable medium containing in-
structions which, when executed by a processor, cause the processor to perform a
method of the first second aspect.

Industrial Applicability

The embodiments of this invention are applicable to many display devices where
four or more sub-pixel colour types are present in the display, and 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.

Reference Signs List

1. LCD Control Electronics
. Multi-primary liquid crystal panel
. Principal viewer
. Angular viewing range of the main image in the public mode
. Off-axis viewer
. Angular viewing range of the main image in the private mode.

. Input main image data

0 NN N B W

. Input side image data
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Claims

A method of processing image data for display on a display device, the
display device comprising a multi-primary image display panel, the
method comprising:

receiving image data constituting an image for display on the image
display panel; and

in a first mode, determining signal voltages to be applied to sub-pixels
of the image display panel from the received image data and from a
secondary data value for the pixel thereby to generate luminance
variations perceivable at a first viewing position but substantially not
perceivable at a second viewing position.

A method as claimed in claim 1 and comprising, in a second mode, de-
termining signal voltages to be applied to sub-pixels of the image
display panel from the received image data thereby to generate an
image perceivable at the first viewing position and at the second
viewing position.

A method as claimed in claim 1 or 2 and comprising, in the first mode,
determining signal voltages to be applied to sub-pixels of the image
display panel so as to minimise a change in overall luminance of a pixel
to a viewer at the second viewing position.

A method as claimed in claim 1 or 2 and comprising, in the first mode,
determining signal voltages to be applied to sub-pixels of the image
display panel such that the signal voltage for a first sub-pixel of a first
pixel of the image display panel is changed in an opposite direction to
the signal voltage for a second sub-pixel of the first pixel.

A method as claimed in claim 4 wherein the image display panel is an
RGBW image display panel and the method comprises, in the first
mode, determining signal voltages such that the signal voltage for a
white sub-pixel of the first pixel is changed in an opposite direction to
the signal voltages for red, green and blue sub-pixels of the first pixel.
A method as claimed in claim 4 wherein the image display panel is an
RGBY image display panel and the method comprises, in the first
mode, determining signal voltages such that the signal voltage for a
yellow sub-pixel of the first pixel is changed in an opposite direction to
the signal voltages for at least red and green sub-pixels of the first
pixel.

A method as claimed in claim 4, 5 and 6 and comprising, in the first
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mode, determining signal voltages to be applied to sub-pixels of the
image display panel such that the signal voltage for a first sub-pixel of
a second pixel of the image display panel is changed in an opposite
direction to the signal voltage for a first sub-pixel of the first pixel, the
first pixel being adjacent to the second pixel.

A method as claimed in any preceding claim and comprising de-
termining signal voltages to be applied to sub-pixels of the image
display panel separately for each pixel pair.

A method as claimed in any preceding claim and comprising, in the
first mode, determining the signal voltage to be applied to a sub-pixel
having the greatest luminance contribution so as to compensate for dif-
ferences in luminance of other sub-pixels between the first mode and
the second modes.

A method as claimed in claim 9 when dependent from claim 4 and
comprising, in the first mode, determining the signal voltage to be
applied to a white sub-pixel so as to compensate for differences in
luminance of red, green and blue sub-pixels between the first mode and
the second modes.

A method as claimed in claim 9 when dependent from claim 5 and
comprising, in the first mode, determining the signal voltage to be
applied to a yellow sub-pixel so as to compensate for differences in
luminance of red, green and blue sub-pixels between the first mode and
the second modes.

A method as claimed in claim 9 when dependent from claim 5 and
comprising, in the first mode, determining the signal voltage to be
applied to a yellow sub-pixel so as to compensate for differences in
luminance of red and green sub-pixels between the first mode and the
second modes.

A method as claimed in any preceding claim and comprising, in the
first mode, determining signal voltages to be applied to sub-pixels of
the image display panel thereby to substantially maximise luminance
variations perceivable at the first viewing position.

A method as claimed in any one of claims 9 to 12 and comprising, in
the first mode: determining signal voltages to be applied to sub-pixels
not having the greatest luminance contribution; determining the signal
voltage to be applied to a sub-pixel having the greatest luminance con-
tribution so as to compensate for differences in luminance of other sub-

pixels between the first mode and the second modes; checking whether



WO 2013/061598

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]

[Claim 20]

26

PCT/JP2012/006862

the determined signal voltage to be applied to a sub-pixel having the
greatest luminance contribution exceeds a threshold voltage; and, if the
determined signal voltage exceeds the threshold, setting the signal
voltage to be applied to the sub-pixel having the greatest luminance
contribution to be equal to the threshold voltage.

A method as claimed in claim 14 and further comprising, if the de-
termined signal voltage to be applied to a sub-pixel having the greatest
luminance contribution exceeds the threshold, taking this into account
when determining signal voltages to be applied to sub-pixels of a
subsequent pixel.

A method as claimed in any one of claims 9 to 12 and comprising, in
the first mode: determining signal voltages to be applied to sub-pixels
not having the greatest luminance contribution; determining the signal
voltage to be applied to a sub-pixel having the greatest luminance con-
tribution so as to compensate for differences in luminance of other sub-
pixels between the first mode and the second modes; checking whether
the determined signal voltage exceeds a threshold voltage; and, if the
determined signal voltage exceeds the threshold, re-determining the
signal voltages to be applied to sub-pixels not having the greatest
luminance contribution.

A method as claimed in any one of claim and comprising, in the first
mode, determining whether the difference in pixel data between two
pixels exceeds a threshold; if so, determining whether the signal
voltages determined for the sub-pixels of the pixels lead to a change in
overall chrominance of the two pixels have been modified; and if so,
re-determining the signal voltages determined for the sub-pixels of the
pixels to reduce the change in overall chrominance of the two pixels,
while leaving the overall luminance in each pixel unchanged.

A method as claimed in claim 17 and further comprising, if the de-
termined signal voltages to be applied to the sub-pixels result in a
change in chrominance, taking this into account when determining
signal voltages to be applied to sub-pixels of a subsequent pixel.

A method as claimed in any one of claims 13 to 17 and comprising, in
the first mode, determining whether the difference in pixel data
between two pixels exceeds a threshold; and applying a method as
defined in one of claims 13 to 17 to the two pixels only if the difference
in pixel data between the two pixels exceeds the threshold

A method as claimed in any preceding claim and comprising, in the
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first mode: determining colour space values for a pixel for the pixel
data for that pixel; determining colour space values for the pixel for the
secondary data value for that pixel; wherein determining signal
voltages to be applied to sub-pixels of the pixel further comprises de-
termining the signal voltages on the basis of the colour space values.

A method as claimed in any of claims 1 to 19 and comprising: for a
group of pixels in the image, calculating metamers for the pixels which
have, to within an error threshold, the same average luminance and
chrominance and which have the same individual luminance for each
pixel in the group as the input image data; and selecting one of the
metamers based on the calculated luminance variations perceivable in
the first part of the first viewing angle range for the metamers.

A method as claimed in claim 21 and comprising taking account of any
error in the selected metamer for a pair of pixels when selecting a
metamer for a next pair of pixels.

A method as claimed in any preceding claim and comprising, in the
first mode, defining virtual pixels, at least one sub-pixel being shared
between two neighbouring virtual pixels.

A method as claimed in any one of claims 2 to 23 wherein the different
between a voltage applied to a sub-pixel in the first mode and the
voltage applied to the sub-pixel in the second mode changes polarity
every N frames.

A method as claimed in any preceding claim wherein, in the first mode,
signal voltages to be applied to sub-pixels of a pixel of the image
display panel are determined from the received pixel data, from a
secondary data value for the pixel, and from a parameter indicating the
location of the pixel.

A control circuit for a multi-primary display panel, the control circuit
being adapted to perform a method as defined in any one of claims 1 to
25.

A display comprising a control circuit as defined in claim 26 and a
multi-primary display panel, the control circuit being adapted to, in use,
output the modified sub-pixel colour component data values to the
multi-primary display panel.

A multi-primary display panel adapted to perform a method as defined
in any one of claims 1 to 25.

A computer-readable medium containing instructions which, when

executed by a processor, cause the processor to perform a method as
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defined in any one of claims 1 to 25.



1/22

WO 2013/061598 PCT/JP2012/006862
[Fig. 1]
DC/DC
converter
A
F=——-- P S .
| ——— ource Driver ICs
1
1 » é....... ) RO
V ! 8 L 1 g
Data Signal sl (=
ata Signal Control [P 2 |i | | Piel Pixel
——————— P == = — P =1
ASIC < - T
e
Pixel Pixel
T -
Yy T Yy T
DC Power
> Inverter _.] Backlight Lamp -—l



2/22

WO 2013/061598 PCT/JP2012/006862
[Fig. 2]
7 | Main Image Side Image | o
Data Data
e Digital data
LCD
g — Control
Electronics
Signal voltages
l and timing
pulses
LC Panel
A




3/22

WO 2013/061598 PCT/JP2012/006862
[Fig. 3]
KR data
—P
R voltage
*— > LuT o .
¢ —————p
P
Main image G data
data < >
® > G voltage
LUT >
._._—’
*—>
B data
> B voltage
~ . —» LUT >
Side image ¢ >
data &>
Privacy mode
On/Off
H,V, Spatial
DCLK > Parameter (+)or(-)




4/22

WO 2013/061598 PCT/JP2012/006862
[Fig. 4]
FR data > .
voltage
¢ > LuT >
o ————p
—>
G data '
o < G voltage
Main image ¢ > LUT >
data _< | A EE—
B data
P
. R B voltage
LUT >
® g
o—»
W data
>
W voltage
~ ¢ > LT ;
¢ >
*—Pp
Side image
data
Privacy mode
On/Off
H, V, ,| Spatial
DCLK Parameter (+)or(-)




5/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 5]

620 =2VA | =t0ig
oo g =2Ax ~10Lgy
G 0=/ —10Ly
A
r ™~
g0=A4A ¥GL'0=A
g0=x 12€°0=X
SLL0 =1 682Z°0=
0= | =9
| = 0=9
0= L =Y
AL A
s Ve N
— F — — F
d 9 o 9O o
_ AN Y,
% e
¢ I9Xid L [9Xid

. J J

<
¢ I1°Xid

~

L 19XId




6/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 6]

| =10l
620 =2\ A | =1%4g
mvmo HO><X _‘ H._.O._.mu
G 0=V | =L0ly
A
~ 6zeo=A 625 0=A O\
€Le0=X €LE0=X
G'0=1 G'0=
0 H._.>> =
G0 =9 0 =9
G'0=9 0=9
mo = 0 =4
AL A
e ™/~ ~
F F F F _ _ —

M 8 9 4 M 8 9 d
“ A o

YT

¢ I9Xld

YT

L 19XId

62¢'0 = VA
€1€°0 = °"x
G0="""7

¢ [eXld

| 19Xl



7/22

PCT/JP2012/006862

WO 2013/061598

_9 ‘0 =
.vm O - ><.> .V O .I.._.Ol_.m .VMHO = .U><> .VO “._..Ou—.m
9g'0 =2"x 90="%9 9g°0 = 2\x 90 =195
- DAY _LoL
GeC0=""1 L =" Gee 0=V | =10Ly
A A
Y s
90=A~A 1z0=A4 ve0=A ve0=A4A
£€0=X ev0=X 9¢°0=X 9¢0=X
€v°0 =1 v20="1 SE€C°0="1 GE€E€0="T
0=4 ¥ 0=4d 0=4d 0=4
90=0 0=9 €0=9

~

[Fig. 7]

¢ 19Xld

L 19Xid

¢ 19Xld

| 1°9Xid



8/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 8]

90 H._.O._.>>
g0 = VA or'0 =1°'g
9€0 = .U><X @O H._.O._.mv
g 0=""" L =10y

A

ge0=A ee0=h
LE0=X GE0=X
L£€°0="T1 Zve0=1

0 =M 9°0=M
ov'0 =9 0 =9
85°0 =9 0=9

L =Y 9€'0 =Y

\—
M
-

¢ I9Xld

L 19Xid

90 H._.O._.>>
ve 0 = VA 9r'0 =1g
9¢°0 = G><X 90 H._.O._.mu
pe0="""1 vl =1ty

AN
7€ 0=A ¥ 0= A
9¢'0=X 9e°0=X
£ 0= vE0=T
€0 =M €0 =M
€2°0 =4 €2°0 =9
€0=9 €0 =9
L0=Y L0=Y4

o

M 8 9 4 M d 9 d
- AN k

/\
¢ IsXld

)\
L 19Xid




9/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 9]

| =LOLpn
62€0 = VA | ='%g
€10 =2\ L =%
>
¢~ G050=A €6z 0=A O\
L7 0=X /92 0=X
Y9y 0="T1 9£5°0="]
0=A L=
0=4 | =4
| =9 0=9
| =y 0 =¥
A AL
s nVe ~
— — L i _ —
A 8 9 4 A 89 9 ¥
N AN
~ N
- ¢ I9Xid L [9XId

| =1OLpa

=

- :

Q)

e

¢ 1°9Xld

Y

L 19XId




10/22

PCT/JP2012/006862

WO 2013/061598

80 H._.O._.>

€80 = DAV, g0 =10.g
€5€°0 = 2" 0 =%

£re0=""" z L=y
Sty 0= A /820=A
G617 0=X c0=X
6¥Z°0=1 9¢t'0="1

0= 80=A

0 =9 90 =9

¥'0 =9 0=9

wo H._.O._.>
ee0 =24 9'0 ='°g
€660 = 9NVx 0 =1%o
epe 0="""] Z'1 =%y
A
-z ce0=A ceo=A N
£6€0=X £6E0=X
eve0="1 ebe0="1
v'0 =A ¥'0 =A
€0 =9 €0 =9
Z20=9 Z20=9
90 =d 90 =Y
A A
- ./
90
d 9 4 A d 9 H
AN
~" "
¢ Isxid WEX(E



11/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 11]

80 =1%tA
£e'0 = 2VA 9'0 ="°'q
£6¢°0 = X 70 =%
epe 0="""] zL =y
AN
 gzz=A 6P 0=A
€0=X LE¥ 0=X
€62°0=1 26£°0=1
0 =A 8'0=
90 =9 0=9
¥0=9 0=9
L=y
- - Y
L [0

A g 9 9 A
N AN

J\
¢ I9Xld

wO "._.O._.>
mUmuO = O><> @O “._.O._.m
€6€°0 = 2"\ 0 =019
eve 0=""" Z'1 =%y
A
" epo=k ceo=h )
£GE 0=X £6e 0=X
epe0="1 ere0="1
0 =A v0=A
€0 =g €0 =9
Z20=9 Z20=9
90 =Y 90 =Y
AL A
)
50
A 9 9 4 A 9 9 ¥
. VAN
~ N
¢ I°Xld L [9Xid



PCT/JP2012/006862

12/22

WO 2013/061598

[Fig. 12]

g0 =106, 80 =tA
ce'0 = OAA 90 =1%lg £e'0 = VA 9'0 =1°'g
£Ge'0 = ONx 40 =105 £6€°0 = 2\Vx 7’0 =9
ebe 0= 2 =10ly, eve 0="""1 A
AL A
 Ghr0=A 96z 0=A 4 ee0=A ceo=4A N
OF 0=X G82°0=X | £GE°0=X £G€°0=X
€9€°0="1 £ve 0= eve 0= eve 0=
Z0=A 9'0=A ¥'0 =A 70 =A
0 =4 9'0 =4 €0 =4 €'0 =9
70 =9 0=9 20=9 20=9
| =¥ 2°0=y4 90 =Y 9'0 =¥
AL AL

A9 9 94 A 9 9 ¥ A g8 94 A g9 9 ¥
— AN N AN J
v Y vl '

¢ I9Xld | 1°9Xld ¢ I9Xld L 19XId




PCT/JP2012/006862

13/22

WO 2013/061598

[Fig. 13]

"91oy} uoie|nojes
UONEOIIPOW Ul UOISN|OU Aejdsip
Jo} jaxid xau 0} ssed pue Joue 0} ssnjea AA pajedundy
soueuiwN| [9x1d [|eJan0 Ja)siBay pue 4.9, Indino
" €.9.3 01 8suBUILIN]
dl PotiIsN MOJLIDAO UINjay
ﬂ ¢ POYIBN
Aejdsip 7 ) g pue '9 Y 0}
01 A pajesuny) suoneIIpowW
pue g.5.Y indino Jo uieped
‘ejep A\ ajesunt| — / > Jus124Ip 10919
L POYISN /\ € POYISIN

H

Xz [exid-gns A
» m 10 AA 0] @Bueyd < M v M
Aeldsip ‘ ;2buel ajsoddo Ajdde
o1 sonjen ¢ sjqenaIoe ‘oneoyipow ¢ siexid 46— g
g SOA 19 » 4 -gns g ‘9 Y 0}
3%&%% I — UitiiM Aq pasneo DI suolneayipoul T 9
O M S| aouBUIWN]| 13} A
< uisbueyo [ Addy < *
Rl sje|nojen B!
ﬂ uj ereq

ejep uoneoso) jexid

elep uleped uoljedyipow



14/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 14]

-
d
‘Yidep
-yiq abew; spig [ 9
jouononpesy 4———— Y
u| exeq
abewj spig
\ 4
Aejdsip < 1Nn74o}
0} sanjeA A>>l| sonea pagoy (€ g
ndin ¢ -aid ansL}®
naing 9 sy < N
d uj eyeq
abew| urepy
[oxid xau jo
uone|NoieD Ul UCHeIapIsSu0d d
alqissod 10} (sanjea )
«q pue .e',7 69) I1nojoo
SIXyY-HJQ Ul Joia IndinQ d
u| eleq
abeuw| spig
«— ¥
feidsip M JOMBIA SIXE-JO JOMBIA SIXE v vm__tomo_w
0} sonjen €———— 404.nojoo obewi -UQ 10} JoWEBL Ulypm Jemoin | g—
Maoy | 8 opisjobie} g T S le— SIXy-UQ g
nding A.Io salses 1seq uonisod soeds lo} siswepw [ 5
‘ Jsuielsul 108188 - ajgejiene
Al_m| Jnojoo sjenoen SO — N
uj eleg
abew| urepy



15/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 15]

62€°0 = VA
€1e0 = 2"\
G'0="""7

p =10

)\

y =10lq
p =10Lg)
i =1OLy

= - BNl = -

EXl = - BXl = -

(9)

62€°0 = °\A
cLe 0 = 2

(®e)




16/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 16]

62€°0 = 2VA
€1£°0 = 9\
0=V

}

0 =P 0 =1L
0 =iolg | =toig

0 =l0lg o =10lg
0 =t0Ly | 1oLy

620 = °VA
L€0 = 9"
90=""\7
10Lan 0 =1OLMA
| =10lg
10l g =10l
| =101y

(q)

6ce 0 = VA 62¢°0 = VA
€10 = >\ €180 = "
0=""" G Q=21

}

0 H._.O._,>> L H._.O._.>> 0 H._.O._.>>

0 H._.O._.m L H._.O._.m 0 H._.O._.m

0 H._.O._.O L H._.O._.mu 0 H._.O._.o

0 H._.O._.W_ L H._.O._.W_ 0 H._.O._.N_

()




17/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 17]

.

 =10Lan
62€°0 = °\VA
 =10Lg
e1e0 = VX
y =10l
G'0="""1
> p =100y
o | o | o \IENE? L
'y
: My g d
Ny W Wy Y
I
m A 0 0 0 I 2 u
| m [ s g Ry
...”-.! - e e % 1
..._
L l l 0 i ' ” H
gail9oi|ly z Y M
Iy ™
e W™ N i ._r.._r_.
0 LN L I N 0 0
'y M
N -
VERIIGRIR B : ¥
M

(e)




PCT/JP2012/006862

18/22

$0°0 =1%'M 96°0 ="M $00="C1
S0 H._.O._.m S0 H._.Ol_.m S0 H._.O._.m
0 H._.O._.w L H._.O._.mu OH._.O._.mu
0 H._.O._.N_ L H._.O._.N_ OH._.O._.N_

A

WO 2013/061598

'y = ._r..r. e
0 ] o | o NGINERE 0 | o N« X
. “ ;
- v - :
; ol M 2 : 3 E
70’0y O 0 0 0 mo L [ S
o : n gy 0 =2V
= = - d 9 o A = I_
R e il S R e ]
J”---.--” f "
Bl O 0 0 0 0 D “mm.cu WS
LA : )
N g 'y I
. g < g Y o
.“”.“mu.u “ M n O
s 0| L 700} O 0 0 ony n . mo P M 50 mcmi ony
v'0= o 8’0 =>""7
gi|o|l ¥ : S 8v0=""1 g [REIR: g [HREIREN

(9) (e)

[Fig. 18]




19/22

WO 2013/061598 PCT/JP2012/006862

[Fig. 19]

(a)

Rror= 0, Gror=0
Bror= 0, Wror= 0

WH/RIECIEBYWIRR LG Rror= 1, Gror=1
0.5:470.5| 1:0.5:(}:0.5:%140.5 | 10.5| 1 0.5 0. _
]y D : ] R SO SN [ 0 BTOT_ 1’WTOT=1
Laye= 0.5 o . - -
AVG = - Rior=0, Gror=0
U 0 § U U U U 0
Bror= 0, Wror=0

Lae=05

=
i

T T TN
e e W W WA TN

[, "Wk k. "N TENL.

Rror=1, Gror= 1

P
o @
w

.
= R R R RN

e e e . . S
o € .

W T W R )

0.5
= Bror= 1, Waror= 1

(b)

Rror= 0.5, Gior= 0.5
BTOT= 0.5, WTOT= 05

Lae=05 (MG

-
i T E N

\_Y_/

ol b fasnd | Bror= 0.5, Wrgr= 0.5

=
v ‘i."i.w
3 o
@
[v3)

Lave= 0.5 ‘RIlG: B

k3

. Rror= 0.5, Gyor= 0.5
o Bror= 0.5, Wyor= 0.5

e -
o =
o T e

k.

Bror= 0.5, W= 0.5




PCT/JP2012/006862

20/22

_lol 7 =tOIpn
62£°0 = 24 r="M 62€0 = A 101
—loL v =""4
cLe'0 = 2\ y=""4 €1e°0 = "X Lol
o OAY =109 o' g=2NV b=""0
Go=""1 oL 0=""1  p =loly
P=""d

N "
: !
W "N ’ h, T W
T ¥ RS !
so M| + ORI o [
L © I8 = ‘BN a |
o o N
N R
I soff } M| ! [isol m
M ¥oH o gaiio] ;
N _OAY : M :
¢e0="""1 (S o) ¥
s S TN e
soll v [ICH| v Hsol .l o :
: e . T
w d g ”0” M : G0 =2\
= '“-“.“.“.“, [ al..'.-‘ _.”-“.”-
b NS0 o o LR
— i
g9 : M 12| " D) - |
| I
1
i §

(9q) (e)

WO 2013/061598

[Fig. 20]




21/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 21]

1O='9"M 6'0=""'M Lo=""m 6'0="""m
OH._.O._.m L H._.O._.m OH._.O._.m L H._.O._.m
0=101g =10l =lOlg | =10Lg
G0="""  ¢0=" go='% g0=""

e e

i S "
50 0 PELEL O L ...
e A
IRees
0 ey
a \BE
_..H.H” €90 Ho><|_
0 IRl O
| A =
IR | s S0 HO><|_
I NG0:7|:6°0'
S . 9 Y|

(q)

r

(®)




22/22

PCT/JP2012/006862

WO 2013/061598

[Fig. 22]

(a) |

ER3l - - - - [EX]
ER: - -1Bd

B -[= - B
L= - EERER= -]

/

/
s o][s70]s°0][&°o]
ojj¥jimiiato diimiia
5°0) <0l [50)[e°0|[g0
milaliojiuimlialioliy
ollulimiialoliulimiia
ollu|miale uiimiia
5050 [s 0l [5-0]s 0] [s°0} [5°0} [5-0]
mialiolluimiialioly

()




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/006862

A.

CLASSIFICATION OF SUBJECT MATTER

Int.Cl. GO0SG3/36(2006.01)1i, G09G3/20(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. G09G3/20-3/38, GO02F1/133

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2013
Registered utility model specifications of Japan 1996-2013
Published registered utility model applications of Japan 1994-2013

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2011/102321 Al (SHARP KABUSHIKI KAISHA) 1-13,20-22,
2011.08.25, see whole document 24-29
A &US 2012/0299982 Al 14-19,23
Y WO 2009/110128 Al (SHARP KABUSHIKI KAISHA) 1-13,20-22,
2009.09.11, see whole document 24-29

&JP 2010-537242 A &US 2010/0214324 Al
&GB 2457106 A &CN 102741736 A

Y WO 2011/034208 Al (SHARP KABUSHIKI KAISHA) 1-13,20-22,

2011.03.24, see whole document 24-29
&GB 2473614 A &US 2012/0169790 Al
&CN 102549648 A &KR 10-2012-0049942 A

{¢ Further documents are listed in the continuation of Box C. {™  See patent family annex.
* Special categorie.s of cited documents: S “T» later document published after the international filing date or
“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention
E ea?ler la gll).hcazllotn or patent but published on or after the inter- “X” document of particular relevance; the claimed invention cannot
“L” gzéﬁﬁeni I\Ixilglice}ll tinay throw doubts on priority claim(s) or which be cor_lsidered novel or cannot t_)e considered to involve an
is cited to establish the publication date of another citation or other inventive step when the document is taken alone
special reason (as specified) *Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such
“P” document published prior to the international filing date but later combination being obvious to a person skilled in the art
than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
10.01.2013 22.01.2013
Name and mailing address of the ISA/JP Authorized officer oclo114
Japan Patent Office OGAWA, Hiroshi
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3226

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/006862
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2011/034157 Al (SHARP KABUSHIKI KAISHA) 1-13,20-22,
2011.03.24, see whole document 24-29
&GB 2476027 A &US 2012/0154458 Al
&CN 102549643 A &KR 10-2012-0061919 A
A US 2003/0146893 Al (Daiichi SAWABE) 1-29
2003.08.07,
paragraphs [0161]-[0187]1, [0242]1-[0244],
Figs.12-13
&JP 2003-295160 A &TW 248599 B
A UsS 2007/0040780 Al (Paul Antony GASS) 1-29

2007.02.22, see whole document
&JP 2007-17988 A &GB 2428101 A &GB 2428152 A
&KR 10-2008-0023708 A &CN 1892323 A

A Us 2007/0040975 A1l (LG PHILLIPS LCD CO., LTD.) 1-29
2007.02.22, see whole document
&JP 2007-79525 A &CN 1916705 A

A Us 2007/0153196 Al (LG PHILLIPS LCD CO., LTD) 1-29
2007.07.05, see whole document

&JP 2007-183609 A &KR 10-2007-0070721 A
&CN 1991461 A

A WO 2011/034209 Al (SHARP KABUSHIKI KAISHA) 1-29
2011.03.24, see whole document

&GB 2473615 A &US 2012/0176404 Al

&CN 102576515 A &KR 10-2012-0051095 A

Form PCT/ISA/210 (continuation of second sheet) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report

