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(57) ABSTRACT

A liquid crystal display comprising first and second liquid
crystal display panel (1, 3), each defining an array of picture
elements (13, 15). The resolution of the image displayed on
the second liquid crystal display panel (3) is lower than that of
the image displayed on the first liquid crystal display panel
(1). The picture elements (15) of the second liquid crystal
display panel (3), located between the first liquid crystal
display panel (1) and backlighting means (2) may be rela-
tively large and preferably partially overlap at least in one
direction. A charge is selectively applied to the picture ele-
ments (15) of the second liquid crystal display panel (3)
corresponding to the relatively darker portions of the image to
be displayed on the first liquid crystal panel (1), so as to at
least limit the amount of light reaching these portions of the
firstliquid crystal display panel (1) and thereby increasing the
contrast trio of the device. In an alternative embodiment, the
image displayed on the second liquid crystal display panel (3)
may be blurred relative to the image displayed on the first
liquid crystal display panel (1) and/or the image displayed on
the first liquid crystal display panel (1) may be sharpened
relative to the image displayed on the second liquid crystal
display panel (3).
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HIGH CONTRAST LIQUID CRYSTAL
DISPLAY DEVICE

[0001] This invention relates generally to a liquid crystal
display and, more particularly, to a liquid crystal display
having a relatively high brightness and contrast.

[0002] A liquid crystal display (LCD) generally comprises
a plurality of picture elements (pixels) arranged in rows and
columns. The operation of a liquid crystal display is based on
light modulation in a liquid crystal (LC) cell including an
active layer of a liquid crystal material. By applying an elec-
tric field over the liquid crystal layer, the polarization of the
light passing this layer is modified. In LCD displays, this
effect is used to control the light from individual pixel ele-
ments. To this end, the LC layer is sandwiched in between two
polarizers.

[0003] Conventional liquid crystal displays have unique
advantages compared with other types of displays, including
thin form factor and high resolution, butin general they suffer
from the rather serious drawback of rather low brightness and
low contrast, especially for larger viewing angles (i.e. further
off the display normal).

[0004] Although LCD displays are already being used in
hospitals for many applications, it is recognized that espe-
cially for demanding applications like X-ray, the current LCD
image quality is inferior to conventional X-ray films. First of
all, the peak brightness used in X-ray film viewing is typically
3000 nits, whereas current LCD monitors have about 500 nits
peak brightness. Secondly, the contrast of LCD displays is
lower, ranging from 500 to 1000 at normal viewing angles to
only 10 at larger viewing angles (say 70 degrees off-normal).
It is the object of this invention to improve LCD displays on
these to aspects.

[0005] U.S. Pat. No. 4,927,240 describes a multilayer lig-
uid crystal display comprising at least two liquid crystal lay-
ers and at least three polarizers, so as to improve the overall
contrast of the display: the contrast which can be obtained is
that of the first liquid crystal layer multiplied by that of the
second liquid crystal layer, provided that the required elec-
trodes, spacers, separating transparent sheets and polarizers
are employed.

[0006] However, in the arrangement described in U.S. Pat.
No. 4,927,240, the number of pixels in both the first and
second liquid crystal layers is the same and, because the
density of pixels required for applications such as medical
imaging and television/multi-media applications is so high,
the duplication of the first liquid crystal layer is relatively
costly, as is the requirement to provide the above-mentioned
respective electrodes, spacers, separating transparent sheets
and polarizers. Furthermore, the peak brightness of the dis-
play suffers from the limited aperture of the pixels of the 2"
LCD.

[0007] It is therefore an object of the present invention to
address the problems outlined above, and to provide a liquid
crystal display having increased contrast and brightness rela-
tive to prior art arrangements.

[0008] In accordance with a first aspect of the present
invention, there is provided a system for displaying an image
on a liquid crystal display comprising a first liquid crystal
display panel defining an array of picture elements for dis-
playing an image, backlighting means, and a second liquid
crystal display panel located between said first liquid crystal
display panel and said backlighting means, said second liquid
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crystal display panel defining an array of picture elements for
displaying an image, the system being arranged and config-
ured to display at least a portion of said image on each of said
first and second liquid crystal display panels such that the
resolution of the image displayed on said second liquid crys-
tal display panel being lower than that of the image displayed
on said first liquid crystal display panel.

[0009] Also in accordance with the first aspect of the
present invention, there is provided a liquid crystal display
comprising a first liquid crystal display panel defining an
array of picture elements for displaying an image, backlight-
ing means, a second liquid crystal display panel defining an
array of picture elements for displaying an image, and a
system according to claim 1.

[0010] Still further in accordance with the first aspect of the
present invention, there is provided a method for displaying
an image as a liquid crystal display comprising a first liquid
crystal display panel defining an array of picture elements for
displaying an image, backlighting means, and a second liquid
crystal display panel located between said first liquid crystal
display panel and said backlighting means, said second liquid
crystal display panel defining an array of picture elements for
displaying an image, the method comprising displaying at
least a portion of said image on each of said first and second
liquid crystal display panels such that the reduction of the
image displayed on said second liquid crystal display panel is
lower than that of the image displayed on said first liquid
crystal display panel.

[0011] Theadditional (second) liquid crystal layer that dis-
plays at least a portion of the image at a lower resolution than
that ofthe first liquid crystal layver reduces the brightness level
of the dark portions of the image displayed on the LCD panel.
As a result, the dynamic range of the liquid crystal display is
increased relative to the prior art. An enhanced output power
of the backlight (relative to conventional backlight means),
e.g. of the order of 500-1000 nits increases the brightness
value of the bright portions of the displayed image, thereby
further increasing the dynamic range of the liquid crystal
display.

[0012] Beneficially, adjacent respective polarizers of the
first and second liquid crystal display panels are aligned. This
involves aligning the front polarizer of the back (second)
liquid crystal display panel and the back polarization of the
front (first) liquid crystal display panel (which are facing each
other). Since the polarizer on each separate panel are oriented
vertically and horizontally, the backpanel should be mirrored
with respect to the frontpanel to achieve this objective in the
event that substantially similar (or identical) liquid crystal
panels are used for the first and second liquid crystal display
panels. As is known to a person skilled in the art, the panels
can also be oriented diagonally, the main point being that they
should be aligned.

[0013] Thus, in a preferred embodiment, means are pro-
vided to divide the image such that a first portion of the image
is displayed on the first liquid crystal display panel and a
second portion of the image is displayed on the second liquid
crystal display panel.

[0014] Thus, the original image content is preferably dis-
tributed across the two panels which, as a result, yield a very
high contrast (the product of the contrast ratio of the indi-
vidual panels) and, moreover, yield an increased bit depth.
Standard, single panel LCD screens can typically display 8
bits of information. For medical applications, more and more
LCD manufacturers have started to produce 10 bit panels.
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However, original X-ray data (for example), as measured
with, for instance, mammography X-ray detectors, already
contain 14 to 16 bit information and, in accordance with an
exemplary embodiment of the present invention, it would be
possible to display nearly all of these different grey levels.
[0015] In a first exemplary embodiment, the image dis-
played on the second liquid crystal display panel is blurred
relative to that displayed on the first liquid crystal display
panel. Blurring across a range of about 5 pixels (1-2 mm) is
thought to be adequate without destroying the high resolution
demands of applications such as mammography. Benefi-
cially, the image displayed on the first liquid crystal display
panel is sharpened relative to that displayed on the second
liquid crystal display panel. As a result, the “perceived”
image displayed by the dual layer LCD corresponds to the
original image.

[0016] The above-mentioned blurring may be achieved by
means of one of a number of known blurring algorithms, as
will be apparent to a person skilled in the art of image pro-
cessing. The required blurring could also be achieved by
removing the front polarizer of the second (back) liquid crys-
tal display panel and replacing it with diffusing means, such
as a thin diffusion foil. A relatively complex blurring algo-
rithm would then be unnecessary.

[0017] The first and second liquid crystal display panels
should be placed as close together as possible to avoid or
minimize parallax effects or a 3D impression. Another exem-
plary embodiment which would minimize parallax uses very
thin glass (or other cover layer).

[0018] In an exemplary embodiment, means may be pro-
vided for selectively applying a charge to one or more of the
picture elements of said second liquid crystal display panel
corresponding to relatively dark portions of, said image, so as
to at least limit the quantity of light transmitted there through
to said first liquid crystal display panel.

[0019] However, in a preferred embodiment, the second
(back)panel does not only serve as a light modulator, but also
contains image information.

[0020] In fact, in accordance with a second aspect of the
present invention, there is provided a liquid crystal display
wherein the electrodes in respect of the picture elements of at
least the second liquid crystal display panel are of a zig-zag or
otherwise meandering configuration.

[0021] In a preferred embodiment, adjacent picture ele-
ments of said second liquid display panel at least partially
overlap. More preferably, neighboring first and second pic-
ture elements are interwoven in an overlap area so as to create
a gradual transition therebetween. As a result, the visibility in
the displayed image of the edges of neighboring picture ele-
ments of the second liquid crystal display panel due to paral-
lax is at least reduced. In one exemplary embodiment, the
gradual transition between said first and second neighboring
picture elements is in the form of a plurality, preferably sub-
stantially triangular, comb teeth.

[0022] Beneficially, a charge is selectively applied to the
picture elements of said first and/or second liquid crystal
display panels via respective electrodes, wherein the elec-
trodes in respect of the picture elements of at least the second
liquid crystal display panel are preferably of a zig-zag or
otherwise meandering configuration, so as to reduce visibility
thereof.

[0023] The present invention extends to a method of manu-
facturing a liquid crystal display as defined above, and an
apparatus and method of driving such a liquid crystal display.
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[0024] Also in accordance with the second aspect of the
present invention, there is provided a liquid crystal display
comprising a first liquid crystal display panel defining an
array of picture elements for displaying an image, and back-
lighting means, the display further comprising a second liquid
crystal display panel located between said first liquid crystal
display panel and said backlighting means, said second liquid
crystal display panel defining an array of fewer and larger
picture elements than that of said first liquid crystal display
panel, and means for selectively applying a charge to one or
more of the picture elements of said second liquid crystal
display panel corresponding to relatively dark portions of said
image, so as 10 at least limit the quantity of light transmitted
therethrough to said first liquid crystal display panel.

[0025] Apart from the increased contrast, another great
benefit is the very good viewing angle. At normal incidence
the contrast is bout 500000:1 (700:1 for a standard monitor),
whereas at 80° off-axis, the contrast is still 3000:1 (50:1 fora
standard monitor). In a hospital environment/reading room,
this is of great value, since often three to four doctors are
watching the screen at the same time from several angles to
discuss an X-ray image. With a standard LCD monitor this is
difficult due to glare and reflections at oblique angles. Also
the contrast at high viewing angles is very low, whereas with
the present invention this is no longer an issue.

[0026] In order to reach the high brightness demanded by
some applications, it is necessary to boost the backlight as
well. With each subsequent greyscale LCD panel, about 50%
of thelight is thrown away. Therefore, we use high brightness
backlights, where the number of lamps are doubled For color
panels, an extra light reduction is caused by the color filters
(£60% loss). Even more lamps are then required to reach the
demanded brightness.

[0027] These and other aspects of the present invention will
be apparent from, and elucidated with reference to, the
embodiments described herein.

[0028] Embodiments of the present invention will now be
described by way of examples only and with reference to the
accompanying drawings, in which:

[0029] FIG. 1is a schematic diagram illustrating the prin-
ciple of operation of a liquid crystal display;

[0030] FIG. 2 is a schematic diagram illustrating the man-
ner in which the pixels of a color LCD are controlled;
[0031] FIG. 3 is a schematic diagram illustrating the struc-
ture of a liquid crystal display according to an exemplary
embodiment of the present invention;

[0032] FIG. 4 is a schematic cross-sectional view of the
structure of FIG. 3;

[0033] FIG. 5 is a schematic cross-sectional view illustrat-
ing the structure of a liquid crystal display according to an
exemplary embodiment of the present invention;

[0034] FIG. 6 is a schematic illustration of the gradual
transition between neighboring picture elements of the sec-
ond liquid crystal display panel according to an exemplary
embodiment of the present invention using the twisted nem-
atic (TN) effect;

[0035] FIGS. 7a-7¢ are schematic illustrations of the
gradual transition between neighboring picture elements of
the second liquid crystal display panel according to another
exemplary embodiment of the present invention using the TN
effect;

[0036] FIG. 8 is a schematic illustration of the gradual
transition between neighboring picture elements of the sec-
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ond liquid crystal display panel according to another exem-
plary embodiment of the present invention using the TN
effect;

[0037] FIG. 9 is a schematic illustration of the gradual
transition between neighboring picture elements of the sec-
ond liquid crystal display panel according to yet another
exemplary embodiment of the present invention using the TN
effect;

[0038] FIG. 10 is a schematic illustration of the configura-
tion of the picture elements of the second liquid crystal dis-
play panel in an in-plane switching arrangement according to
an exemplary embodiment of the present invention;

[0039] FIG. 11 is a schematic illustration of the configura-
tion of the picture elements of the second liquid crystal dis-
play panel in an in-plane switching arrangement according to
an exemplary embodiment of the present invention;

[0040] FIG. 12 is a schematic illustration of the configura-
tion of the picture elements of the second liquid crystal dis-
play panel in an in-plane switching arrangement according to
another exemplary embodiment of the present invention;

[0041] FIG. 13 is a schematic flow diagram illustrating the
principal steps of an image processing technique employed
by a system according to another exemplary embodiment of
the present invention; and

[0042] FIG. 14 is a schematic graphical illustration show-
ing scaling problems for high greyscale values (255, or trans-
mission of 1) it can be seen that the necessary compensation
for these high greyscale values by the front panel as indicated
by the dotted line (right-hand side of the Figure) is not pos-
sible.

[0043] In order to create a simple LCD, and referring to
FIG. 1 of the drawings, we start with two pieces of polarized
glass 10, 20, each comprising a glass plate having a polarizing
film on one surface thereof. Microscopic grooves are formed
on the opposite surface of each glass plate 10, 20, which
grooves are in the same direction as the polarizing film. A
coating 30 of nematic liquid crystals 40 is then applied to one
of the glass plates 10. It should be noted here that one feature
of liquid crystals is that the orientation of the molecules is
affected by electric field. A particular sort of nematic liquid
crystal, called twisted nematics (TN), is naturally twisted. A
electric field over these liquid crystals will untwist them to
varying degrees, depending on the voltage. Thus, LCDs tend
to use these liquid crystals because they react predictably to
electric current in such a way as to control light passage.

[0044] Referringback to F1G. 1 of the drawings, the coating
30 of nematicliquid crystals 40 is applied to the glass plate 10,
on the surface having the above-mentioned grooves therein.
These grooves will cause the first layer of molecules 40 of the
liquid crystal coating 30 (i.e. the layer of molecules adjacent
the surface of the glass plate 10) to align with the orientation
of the grooves and the polarizing film. The second glass plate
20 1s then added, such that the liquid crystal coating 30 is
sandwiched between the surfaces of the glass plates 10, 20
having the above-mentioned grooves therein, with the orien-
tation of the grooves and the polarizing film of the second
glass plate 20 being at right angles to that of the first glass
plate 10. As before, the grooves of the second glass plate 20
will cause the layer of the molecules 40 adjacent thereto to
align with the orientation of the respective polarizing film.
Each successive layer of TN liquid crystal molecules 40 will
gradually twist between the orientation of the layer of mol-
ecules 40 adjacent the surface of the first glass plate 10 and the
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orthogonal orientation of the layer of molecules 40 adjacent
the surface of the second glass plate 20.

[0045] Inthe absence of an electric charge being applied to
the liquid crystal molecules 40, as light 50 strikes the first
polarizer 10, it is polarized accordingly. The molecules 40 in
each layer of the coating 30 then guide the light they receive
to the next layer. As the light passes through the liquid crystal
layers, the molecules 40 also change the light’s plane of
vibration to match their ownangle. When the light reaches the
far side of the liquid crystal coating 30, it vibrates at the same
angle as the final layer of molecules 40 (adjacent the surface
ofthe second glass layer 20). If the final layer of molecules 40
is aligned with the polarizing film of the second glass plate 20,
then the light 50 will pass through. However, if an electric
charge is applied (via electrodes 60) to the liquid crystal
molecules 40, they “untwist” and, as the configuration
straightens out, so the liquid crystal molecules change the
angle of light passing through them so that it no longer
matches the angle of the second polarizer 20. Consequently,
no light can pass through that area of the LCD, making that
area darker than surrounding areas of the display.

[0046] Current high resolution LCD displays employ
active matrix addressing.

[0047] Active matrix LCDs depend on electronics compo-
nents arranged in each pixel, in particular thin film transistors
(TFTs) and storage capacitors. They are arranged in a matrix
on one of the glass plates 10, 20. In order to address a par-
ticular pixel 90, the proper row 70 is switched on, and then a
charge is sent down the correct column 80. Since all of the
other rows 70 that the column 80 intersects are turned off,
only the capacitor at the designated pixel 90 receives the
charge. The capacitor is able to hold the charge until the next
refresh cycle, and if the amount of voltage supplied to the
liquid crystal is carefully controlled, then it can be made to
“untwist” only enough to allow some light through. By doing
this in very exact, very small increments, LCDs can create a
greyscale, and most conventional LCDs offer 256 levels of
brightness per pixel.

[0048] Referringto FIG. 2 of the drawings, an LCD that can
show color must have three sub-pixels 100 with respective
red, green and blue color filters to create each color pixel 90.
Through the careful control and variation of the voltage
applied, the intensity of each subpixel 100 can range over 256
shades. Combining the sub-pixels produces a possible palette
of 16.8 million colors (256 shades of redx256 shades of
greenx256 shades of blue). In monochrome medical LCD
displays the color filters is omitted and a pixel is built up from
3 individually addressable sub-pixels.

[0049] Tt is an object of the present invention to provide a
liquid crystal display having increased contrast and bright-
ness relative to prior art arrangements.

[0050] Oneapproach to achieving this object was proposed
by Seetzen, Helge and Whitehead, Lorne A. “P.54.2: A High
Dynamic Range Display Using Low and High Resolution
Modulators”, SID 03 DIGEST, in which it is proposed to
apply a segmented backlight to illuminate the L.CD in accor-
dance with image content. In this way, the dynamic range of
the display is increased, and especially very small contrasts
over short distances can be displayed better. The strength of
the concept is therefore well-matched with the requirements
for diagnostic X-ray imaging. The resolution of the backlight
pixels is coarse with respect to the LCD pixels. Due to the
large size of the backlight pixels, maximum contrast can only
be achieved over larger distances. However, as the human eye
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has limited contrast over small distances, this limitation can
be made invisible. The proposed arrangement uses a back-
light based on light emitting diodes (LEDs). However, the
required high-brightness LEDs are expensive, and each have
slightly different characteristics. Thus, it is hard to achieve
uniformity, and cost may also be an issue. The other proposal
is to use an LCD projector as a segmented backlight, which
results in (very) deep displays, which is not acceptable. More-
over, in order to achieve sufficient brightness, the light is
collimated, which results in a small viewing zone.

[0051] In accordance with the following exemplary
embodiment of the present invention, the object is achieved
by providing a second liquid crystal structure between the
backlight and the main LCD panel. In a preferred embodi-
ment, this second liquid crystal structure has only a limited
number (say, 500-2000) of large (say, 5-20 mm) pixels. Thus,
referring to FIG. 3 of the drawings, a liquid crystal display
comprises a liquid crystal display panel 1 having a structure
such as that described with reference to FIGS. 1 and 2, and an
LCD backlight 2 comprising, for example, a direct-lit back-
light provided by fluorescent discharge tubes. The brightness
of the backlighting is preferably relatively very high com-
pared with consumer type LCD systems.

[0052] Located between the liquid crystal display panel 1
and the backlight 2, there is provided a second liquid crystal
structure 3. The structure 3 comprises a first glass plate 4
divided into segments or “pixels” 15 by means of rows and
columns of transparent conductive material. Each of these
pixels 15 is connected via an electrode 6 to an external inte-
grated circuit (not shown) for controlling the charge applied
to each pixel 5. A polarizer 7 is provided between the back-
light 2 and the surface of the glass plate 4 opposite the surface
carrying the pixels 5. In the example shown, the polarizer is
connected to the glass plate 4 (perhaps in the form of a
polarizing film or the like), but this is not essential. A second
glass plate 8 is provided, the two glass plates 4, 8 being sealed
together, with a small gap 11 (e.g. 1-20 microns) therebe-
tween. This gap 11 is filled with a liquid crystal material. The
second glass plate 8 is covered with an unpatterned transpar-
ent electrode 9 (see additionally FIG. 4 of the drawings)
facing the first glass plate 4.

[0053] By changing the voltage over a given segment or
pixel 15 (by means of, for example, a passive matrix scheme),
the polarization of the light traversing the segment or pixel 5
can be changed, such that the amount of light passing through
the selection polarizer (on glass plate 10 of the liquid crystal
panel 1) can be changed. Thus, in respect of darker portions of
the image to be displayed on the LCD panel 1, a charge is
applied to corresponding segments 5 of the second liquid
crystal structure 3 so as to reduce the amount of light, or even
prevent all light, passing through those segments 5 to the
liquid crystal display panel 1. In a monochrome medical LCD
arrangement, the introduction of the second liquid crystal
structure 3 has been shown to improve the black level from
1.3 nit to 0.02 nit, and the white level was only slightly
decreased from 1000 nit to 750 nit, such that the maximum
contrast was increased from 770 to the order of 25000.
[0054] The additional liquid crystal layer reduces the
brightness level of the dark portions ofthe image displayed on
the LCD panel. The enhanced output power of the backlight
increases the brightness value of the bright portions of the
displayed image. As a result, the dynamic range of the liquid
crystal display is increased relative to the prior art.

Jun. 11, 2009

[0055] Tt will be appreciated that the present invention is
suitable for increasing contrast in all types of LCD system,
including (but not limited to) monochrome LCD displays for
medical imaging, including X-ray diagnostics, high-end
(color) LCD-television/multi-media displays, and everything
in between. The advantages of this approach relative to prior
art schemes for increasing contrast in an LCD system, include
cost: the second liquid crystal structure and the electronics
required to drive it can be very simple components based on
existing mass products, as can be the fluorescent discharge
tubes or other backlighting means; and uniformity: liquid
crystal displays can be made very uniformly, as can fluores-
cent discharge tubes or other suitable backlighting means.

[0056] Referring to FIG. 5 of the drawings, a liquid crystal
display according to an exemplary embodiment ofthe present
invention comprises the first and second glass plates 10, 20,
with a layer of liquid crystal material therebetween defining
the relatively small pixels 13 of the upper LCD panel 1. The
second LCD structure 3 is provided by the third glass plate 4
and the fourth glass plate 8 with a layer of liquid crystal
material therebetween defining the relatively large pixels 15
of the lower LCD panel. A first polarizer 17 is provided on the
first glass plate 10, a second polarizer is provided on the
second glass plate 20 (between the first and second LCD
panels 1, 3) and a third polarizer 7 is provided on the third
glass plate 4, as shown. Because of'the layers 19, 20 between
the second LCD panel 3 and the first LCD panel 1, the big
pixels 15 of the second LCD panel, having sharp edges,
become visible when the viewing angle towards the display is
changed, as a result of parallax. Parallax is defined as the
apparent difference in the position or direction of an object
when it is viewed from two different points, so with reference
to FIG. 5, the edge 15a of one of the big pixels of the second
LCD panel 3 is not visible when the display is viewed from
point A, but it becomes visible when the display is viewed
from point B. This is obviously undesirable.

[0057] Therefore, in order to alleviate this problem, in
accordance with a preferred embodiment of the present
invention, the pixels 15 of the second liquid crystal display
panel 3 partially overlap and neighboring pixels are inter-
weaved in the overlap area to create a gradual transition from
one pixel to the next. Referring to FIG. 6 of the drawings, this
gradual transition may be in the form of substantially trian-
gular comb teeth. With a typical thickness of the glass plate 8
of 0.7 mm, the overlap area or “mixing zone” of the picture
elements is typically 2 mm. More generally, the length L of
the comb teeth might be 0.5 to 5 mm (say, 2 mm typically) and
the width W might be 1-300 microns (say 0.1 mm typically).
However, it will be appreciated that the width of the overlap
area will be dependent on the thickness of the glass plate of
the LCD panel, in the sense that the thicker the glass plate, the
wider will the overlap area need to be.

[0058] Referring to FIGS. 7a to 7c of the drawings, the
perceived intermediate grey values between adjacent pixels is
achieved using rectangles, the length of which might be typi-
cally 2 mm and the typical width might be 10-20 microns.
[0059] Referring to FIG. 8 of the drawings, in another
exemplary embodiment (one-mask design) of the present
invention, adjacent pixels 15A and 15B might be split into
two parts A, B with electrodes 160 therebetween.

[0060] The embodiments illustrated in FIGS. 9 and 10 of
the drawings shows the gradual transition between adjacent
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pixels being at a substantially 45 degree angle, which is
particulatly convenient when the 24 LCD is of an in-plane-
switching type.

[0061] FIG. 11 illustrates an in-plane switching overlap-
ping configuration of an exemplary embodiment of the
present invention, showing a common electrode 162 and first
and second electrodes 1644, 1645 corresponding to first and
second respective adjacent pixels.

[0062] FIG. 12 shows the pixel layout of another in-plane
switching configuration, in which the relatively large pixels
15 of the second liquid crystal display panel (which may be of
the order of 10x10 mm) are tilted at 45 degrees (with the
mixing or gradual transition referred to above not shown).
The complete pixel area may be, for example, of the order of
10x10 cm. The embodiment shown is a one-mask design with
pixels 15 split by electrodes 162a, 1625, 162¢. A three-mask
design is also envisaged, with transparent electrodes below a
transparent isolator. It will be appreciated that the number of
electrodes 162 used per pixel dictates the number of interme-
diate values between pixels and therefore the degree of gradu-
ation of the transition therebetween.

[0063] In an alternative exemplary embodiment, and refer-
ring to FIG. 13 of the drawings, first, the backpanel image is
calculated (step 100) and then the frontpanel image is calcu-
lated (step 102) by dividing the original image by the calcu-
lated backpanel image. All processing steps are done on a
subpixel level. In step 1, an RGB image with 8 bits per
subpixel is input, thus in total 24 bits (more generally every
image is converted into a 24 bit bitmap (bmp) image). How-
ever, this is just intended to illustrate an exemplary image
processing sequence. In principle, also 10 bit data or higher or
different file formats could be processed in a similar manner.
Moreover, for a final product, the algorithm should ideally not
only work on static images but also on motion content and
even for the complete desktop. It is likely that the algorithm
may then be implemented into the hardware of either the
graphics card of the PC that drives the monitor, or as a dedi-
cated part of the electronics of the display itself.

[0064] In a first exemplary embodiment, in respect of a
greyscale monitor, the display consists of a backlight, a first,
greyscale LCD (front)panel, and a second, greyscale, (back)
panel. Color images that are offered to this display are con-
verted to a greyscale image in the following way: for each
pixel, the maximum value of the three red, green and blue
subpixels is taken and copied to each of the three subpixels
(see step 104a in FIG. 13): if a certain RGB pixel has the
greyvalues (10,40,35), the new RGB pixel becomes (40,40,
40). This is done for all pixels in the image, so that all color
information is removed and only the luminance information
per pixel remains. This then corresponds to a greyscale
image. Original greyscale images are offered as is, and are not
changed by this maximizing algorithm.

[0065] In asecond exemplary embodiment, in respect of a
color monitor, the display consists of a backlight, a first,
greyscale, LCD (front)panel, and a second, color, (back)
panel. Now also color images are offered as is, and no maxi-
mizing algorithm is performed. In this way color images can
be displayed as well.

[0066] FIG. 13 shows that after the splitting with a square
root (or other splitting algorithm) a blurring algorithm is used
on the backpanel image (step 104c¢). This is done to avoid the
parallax problem as already stated above. By blurring, one
effectively lowers the resolution of the backpanel such that
the light that hits the frontpanel is more diffuse. As a result, it
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seems as if the light that is illuminating a single pixel of the
frontpanel comes from a broader area. If one now looks from
oblique angles to the display the parallax is avoided as no
sharp backpanel image can be seen anymore.

[0067] The blurring can be performed by applying a Gaus-
sian shaped filter across a certain pixel range. At this moment
we use a pixel range of 5x5 pixels for a 1.3 Megapixel display
(1280x1024). Depending on the image content and target
application another range can also be used and will generally
be in the range of 3x3 up to 20x20 pixels. Moreover, for
higher resolution panels with smaller pixel pitches, such as
for mammography commonly used 5 Megapixel display
(2560x2048), the range should generally be larger. Currently
we use a range of 10x10 for this resolution display. In fact the
blurring distance should roughly be equal to the distance
between the two LC materials layers, i.e. equal to the total
thickness of the two intermediate glass plates. This distance
typically is on the order of 2 mm, so the blurring range in
‘pixelsxpixels” should also be typically 2 mm and can be
determined once the pixel pitch is known. In formula:

Fhlur = —»

wherer,,,, is the blurring range in (number of pixels)x(num-
ber of pixels, e.g. 5x5), d is the distance between the two LC
material layers, and p is the pixel pitch of the panel. For
example a distance of 2 mm and a pixel pitch of 0.28 mm
would mean a blurring range of roughly 7x7 pixels. This
formula only gives an indication. The optimal blurring range
should be determined in an actual working environment such
that the influence of application area (e.g. mammography,
cardiovascular, . . . ), image content and ambient conditions
(light settings) can be taken into account.

[0068] What counts in the end, is that the parallax is not
perceived anymore and the blurring range has to be adjusted
accordingly to reach this demand.

[0069] Iftheblurring rangeis too small (1x1 corresponds to
asharp image) one risks the appearance of the parallax, ifthe
range is too high, the gain in contrast is not very large. The
sharpness of the final perceived image depends on the front-
panel, the perceived contrast is largely determined by the
backpanel.

[0070] 1In aspecific exemplary embodiment of the blurring
algorithm, the blurring is actually performed in five steps:
(1) The image is divided in blocks of a certain size; the
blurring range.

(2) Within this block, the maximum luminance value) or
greyscale value) is searched. This will be the maximum value
within this block after the blurring has been performed and
this value will also be placed in the center of the block. In the
present prototype we use a Gaussian filter as a blurring filter.
In formula:

. (-2 -7
L{i. J) = Ly ploci - @ Ea

where L(ij) is the new luminance level in the i” and j*
subpixel, L, .. 3, 15 the maximum subpixel value within the
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block, and r is the total blocksize, given in the number of
pixel. Since every pixel has three subpixels, 1 and j take values
between -3%r and +3*r.

(3) To reduce the number of artefacts in the perceived image
care is taken that:

(a) The difference in the new luminance values between
neighboring pixels is not higher than a certain threshold.

(b) The difference in the new luminance values between the
neighboring blocks is not higher than a certain threshold.
(4) If the difference in step (3) is higher, the threshold value is
subtracted from the highest of the two values under compari-
son, such that the difference is then below the threshold. The
threshold value may depend on ambient conditions, the tar-
geted application for the display, or the image content, but
should be chosen such that the effects of blurring are not
perceived by the eye.

(5) After blurring of the backpanel image, the frontpanel
image can be calculated (step 106). The original image is
divided by the calculated backpanel image and this result is
then scaled with a lookup table such that the total perceived
image corresponds to the DICOM standard, or to any other
preferred display function or gamma. The frontpanel image is
automatically sharpened in this way.

Other embodiments for blurring:

The blurring of the background image can actually be done in
a number of ways:

[0071] The straightforward method, by just averaging all
luminance values within a block, works but can result in some
artefacts.

[0072] Also other filters than Gaussian filter as described in
the embodiment above can be applied. Instead of using Gaus-
sian shaped profiles we can also use triangular profiles or flat
profiles with Gaussian tails.

[0073] Furthermore, we can also only allow the blurring to
increase the background image, i.e. we do not blur by aver-
aging the background but by only increasing the brightness of
the background image. For example, we can make a Gaussian
shaped intensity or grey value profile around each pixel on the
background image. If a pixel on the background image has a
lower value than this intensity profile, then the blurred image
will take the value of this intensity profile instead of the
original unblurred (square rooted) value. For each pixel of the
unblurred square rooted background image a Gaussian
shaped profile should be applied. The height of the Gaussian
shape should be unblurred (square rooted) pixel value.
[0074] Alternatively to doing the above procedure, it is also
possible to first divide the unblurred background image into
blocks. The intensity of the blocks should take the intensity of
the maximum pixel value of the pixels within the sub block.
On each ofthese sub-block positions we can then place Gaus-
sian (or flat top Gaussian) shaped intensity profiles and com-
pare these profiles in the same way as was done above. In that
way the intensity is only increased again.

[0075] Foracolorimage, a greyscale backpanel and a color
frontpanel may be used. In that case the backpanel should not
take the square root of the greyscaleimage, but instead look at
the individual RGB subpixel values and take the maximum of
the three and then take a square root. The resulting greyscales
are higher than the normal conversion to black and white,
especially if a lot of blue colors are present.

[0076] Instead of using two panels we can of course also
split the image over three panels and then perform the blur-
ring. The blurring on the backmost panel should be the larg-
est. The middle panel should blur an intermediate amount and
the frontpanel should not blur at all.

[0077] An example of the artefacts that can occur is when
full white greyscale values or close to that value are being
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displayed (for 8 bit displays a value of 255). Both panels are
only capable of showing greyscale values from 0 to 255. If
both images are sharp and a greyscale value of 255 is to be
displayed, this will not present any problems. Both panels just
have to display a value 0f 255, or a maximum transmission of
1, and the perceived image will also have a value of 255.
However, in case one blurs the backpanel image across a
certain range this value can drop below 255 and hence errors
can occur. In principle, this would normally be compensated
by the frontpanel image which would display a value larger
than 255 at the edges, such that the total transmission across
the whole range is maximum again. However, no values
larger than 255 can be displayed, so that errors remain at the
edges (as shown in FIG. 14). This problem can be solved by
downscaling the total dynamic range of the original image
down to a range of; say, 0 to 240, instead of 0 to 255.

[0078] In an alternative exemplary embodiment, the reso-
lution of the back and front panels may be the same, and
instead the image shown on the backpanel may be blurred
and/or the image shown on the front panel may be sharpened,
such that the resolution of the image displayed on the back-
panel is lower than that of the image displayed on the front
panel.

[0079] It will be appreciated by a person skilled in the art
that modifications and variations can be made to the described
embodiments without departing from the scope of the inven-
tion as defined by the claims. For example, in the examples, a
direct-lit backlight is suggested (using fluorescent discharge
tubes behind the second liquid crystal structure), but other
types of backlighting will work equally well. In the exem-
plary embodiment illustrated in FIG. 4 of the drawings, the
patterned glass plate 4 is closer to the backlight side of the
device, but it may equally be closer to the display side (with
the other glass plate 8 closer to the backlight side). In the
illustrated embodiments, the pixels or segments 5 of the sec-
ond liquid crystal structure are square or rectangular, but
other shapes (e.g. triangles, pentagons, hexagons, etc) could
also be used. In between the second liquid crystal structure 3
and the LCD panel 1, further optical elements could also be
included, such as diffusers or polarizers. Also, one may
choose to leave some open space between the liquid crystal
display panel 1 and the second liquid crystal structure 3, so as
to blur the boundaries of the segments 5. The various polar-
izers used (on glass plates 10, 20 and 4 in the described
embodiment) can be absorbing or reflecting in relation to the
rejected polarization, although reflection allows light recy-
cling, thereby increasing system efficiency.

[0080] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be capable of designing many
alternative embodiments without departing from the scope of
the invention as defined by the appended claims. In the
claims, any reference signs placed in parentheses shall not be
construed as limiting the claims. The word “comprising” and
“comprises”, and the like, does not exclude the presence of
elements or steps other than those listed in any claim or the
specification as a whole. The singular reference of an element
does not exclude the plural reference of such elements and
vice-versa. The invention may be implemented by means of
hardware comprising several distinct elements, and by means
of a suitably programmed computer. In a device claim enu-
merating several means, several of these means may be
embodied by one and the same item of hardware. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measures cannot be used to advantage.
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1. A system for displaying an image on a liquid crystal
display comprising a first liquid crystal display panel (1)
defining an array of picture elements (13) for displaying an
image, backlighting means (2), and a second liquid crystal
display panel (3) located between said first liquid crystal
display panel (1) and said backlighting means (2), said second
liquid crystal display panel (3) defining an array of picture
elements (15) for displaying an image, the system being
arranged and configured to display at least a portion of said
image on each of said first and second liquid crystal display
panels (1, 3) such that the resolution of the image displayed
on said second liquid crystal display panel (3) being lower
than that of the image displayed on said first liquid crystal
display panel (1).

2. A system according to claim 1, wherein adjacent respec-
tive polarizers of the first and second liquid crystal display
panels (1, 3) are aligned.

3. A system according to claim 1, comprising means for
dividing said image so that a first portion thereof is displayed
on said first liquid crystal display panel (1) and a second
portion thereof is displayed on said second liquid crystal
display panel.

4. A system according to claim 1, comprising means for
blurring the image displayed on said second liquid crystal
display panel (3) relative to the image displayed on said first
liquid crystal display panel (1).

5. A system according to claim 1, comprising means for
sharpening the image displayed on said first liquid crystal
display panel (1) relative to the image displayed on said
second liquid crystal display panel (3).

6. A system according to claim 1, further comprising
means for selectively applying a charge to one or more of the
picture elements (15) of said second liquid crystal display
panel (3) corresponding to relatively dark portions of said
image, so as to at least limit the quantity of light (5) transmit-
ted therethrough to said first liquid crystal display panel (1).

7. A system according to claim 1, wherein said second
liquid crystal display panel (3) defines an array of fewer and
larger picture elements (15) than that of said first liquid crys-
tal display panel (1).

8. A system according to claim 1, comprising one or more
third liquid crystal display panels located between said first
and second liquid crystal display panels, said system being
arranged and configured to display at least a portion of said
image on said one or more third liquid crystal display panels
such that the resolution of the image displayed one said one or
more third liquid crystal display panels is less than that of the
image displayed on the first liquid crystal display panel and/
or greater than that displayed in the second liquid crystal
display panel.

9. A liquid crystal display comprising a first liquid crystal
display panel (1) defining an array of picture elements (13) for
displaying an image, backlighting means (2), a second liquid
crystal display panel (3) defining an array of picture elements
(15) for displaying an image, and a system according to claim
1.

10. A method for displaying an image on a liquid crystal
display comprising afirstliquid crystal display panel defining
an array of picture elements for displaying an image, back-
lighting means, and a second liquid crystal display panel
located between said first liquid crystal display panel and said
backlighting means, said second liquid crystal display panel
defining an array of picture elements for displaying an image,
the method comprising displaying at least a portion of said
image on each of said first and second liquid crystal display
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panels such that the resolution of the image displayed on said
second liquid crystal display panel is lower than that of the
image displayed on said first liquid crystal display panel.

11. A liquid crystal display according to claim 9, wherein
adjacent picture elements (15) of said second liquid display
panel (3) at least partially overlap perceptually.

12. A liquid crystal display according to claim 11, wherein
neighboring picture elements are interwoven so as to cause
said partial perceptual overlap.

13. A liquid crystal display according to claim 12, wherein
the gradual transition between said first and second neighbor-
ing picture elements (15A, 15B) is in the form ofa plurality of
comb teeth of varying lengths.

14. A liquid crystal display according to claim 13, wherein
said comb teeth are substantially triangular.

15. A liquid crystal display according to claim 9, wherein a
charge is selectively applied to the picture elements (13, 15)
of said first and/or second liquid crystal display panels (1, 3)
via respective electrodes (60).

16. A liquid crystal display according to claim 15, wherein
an addressing electrode is provided for each picture element.

17. A liquid crystal display according to claim 15, wherein
the electrodes (6) in respect of the picture elements (15) of at
lest the second liquid crystal display panel (3) are of a zig-zag
or otherwise meandering configuration.

18. A liquid crystal display comprising a first liquid crystal
display panel (1) defining an array of picture elements (13) for
displaying an image, and backlighting means (2), the display
further comprising a second liquid crystal display panel (3)
located between said first liquid crystal display panel (1) and
said backlighting means (2), said second liquid crystal dis-
play panel (3) defining an array of fewer and larger picture
elements (15) than that of said first liquid crystal display panel
(1), and means for selectively applying a charge to one or
more of the picture elements (15) of said second liquid crystal
display panel (3) corresponding to relative dark portions of
said image, so as to at least limit the quantity of light (5)
transmitted therethrough to said first liquid crystal display
panel (1).

19. A method of manufacturing a liquid crystal display,
comprising providing a first liquid crystal display panel (1)
defining an array of picture elements (13) for displaying an
image, providing backlighting means (2), providing a second
liquid crystal display panel (3) between said first liquid crys-
tal display panel (1) and said backlighting means (2), said
second liquid crystal display panel (3) defining an array of
fewer and larger picture elements (15) than that of said first
liquid crystal display panel (1), the method further compris-
ing providing means for selectively applying a charge to one
or more of the picture elements (15) of said second liquid
crystal display panel (3) corresponding to relatively dark
portions of said image, so as to at least limit the quantity of
light (5) transmitted therethrough to said first liquid crystal
display panel (1).

20. Apparatus for driving a liquid crystal display according
to claim 9, comprising means for selectively applying a
charge to one or more of the picture elements (15) of said
second liquid crystal display panel (3) corresponding to rela-
tively dark portions of said image.

21. A method of driving a liquid crystal display according
to claim 9, comprising selectively applying a charge to one or
more of the picture elements (15) of said second liquid crystal
display panel (3) corresponding to relatively dark portions of
said image.
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