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Pixcale is Genoa’s proprietary multi-primary suzgbirendering technology that permits
the implementation of multi-primary LCD on a stardl&FT with standard drive
electronics. A description of both Pixcale and4koxcale configurations of multi-
primary LCD and their benefits can be found in GéadColorPeak Multi-Primary

LCD” publication.

In the long term, the cost of Pixcale LCD panelskisly to be slightly lower than that of
non-Pixcale panels. However, in the short term,cbst premium of non-Pixcale panels
is likely to be much higher since they require batmew TFT and new drive electronics.
Furthermore, Pixcale panels are expected to béadeiat least one year before non-
Pixcale panels, offering the opportunity for riclanket rewards to early movers.

This paper describes the Pixcale functionality addresses the central question raised
with respect to Pixcale, namely resolution.

Pixcale sub-pixel configurations
There are numerous possible sub-pixel configurafioot just related to the number of
primaries. A number of sample illustrations arevgh overleaf:

(a) standard RGB striped layout

(b) 4-primary RGBY striped layout, both Pixcale (ledt)d non-Pixcale (right)

(c) 5-primary RGBYC Pixcale staggered layout

Resolution
Since the advent of color displays, the industry &aplied the principle that the
resolution of the display is a function of the nianbf RGB pixels.

This axiom is inconsistent with the reality of MPE@deo encoding. YCbCr permits a
higher resolution in the Y — the Luminance — chéatimen in the CbCr — Chroma —
channels. The reason for this basic concept uyidgrinost video encoding systems is
simple: the spatial sensitivity of the human vissidtem in color channels is much lower
than that of the sensitivity in the luminance chelnThus, for example, the ratio of
Chroma data in MPEG2 is no higher than 50%. Timmgn presenting (say) 720p data,
the Y channel has full resolution by the Cb ancc@or difference channels have lower
resolution — approximately half.
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Figure 1(a) Standard RGB

Figure 1(b) RGBY Pixcale and non-Pixcale

Figure 1(c) RGBYC Pixcale




In the display itself, the luminance data is prilyadtisplayed in the high luminance
(bright) sub-pixels. In the case of RGB displdysjinance is dominated by the green
sub-pixels. In a multi-primary display, there rsiacrease in the proportion of bright
sub-pixels since yellow is also a bright color. ilsstrated below, for every 12 sub-
pixels, there are 4 “bright” sub-pixels in RGB gdixeand there are 6 bright sub-pixels in
RGBY pixels.

In fact, the proportion of bright sub-pixels incsea from one-third in RGB to one half in
the case of an RGBY 4-primary 4 sub-pixel configioraor two-fifths for RGBCY. As
illustrated below, this fact is used in order tepdiay the full resolution; note that the dark
columns represent darker sub-pixels and the whbitenins represent the bright sub-
pixels. This is emphasized with a schematic ajtdriess transmission beneath each
panel.
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Figure 2 — lllustration of increased frequency diright” sub-pixels

The resolution of the luminance data effectivelfirdes the resolution of the display. By
performing suitable processing at the level ofgtk-pixel, the Pixcale algorithm takes
advantage of this increase in bright sub-pixelefwoduce the full resolution of the
luminance channel.

In simple terms, counting the raw bright sub-pixale get the results in Table 1 below.
You might say that this bright pixel count reprdasehe luminance resolution of the
display; however, the resolution of the displapashigher than that of the incoming data,
and therefore this count merely indicates the tybili the Pixcale display to support the
full resolution. Note that in all cases, the resioh of the multi-primary Pixcale
configuration is higher than that of the RGB.



Luminance Raw Luminance Resolution of Panel
Specified Panel | Resolution of
Resolution Signal REE XY NEEE
1366x768 No signal of 1366 2049 1639
this resolution!
720p 1280 1280 1920 1536
1080p 1920 1920 2880 2304

Table 1 —Raw Luminance Pixel Count

By contrast, the raw color resolution is a functadrthe number of repetitions of the
color sequence. Spatial sub-pixel rendering irsgedhis raw number. In all cases, the
CbCr resolution of the panel is higher than the Qt@Solution of the signal for the native
resolution of the panel.

CbCr Raw CbCr Resolution of Panel
Specified Panel | Resolution of
Resolution Signal REE XY NEEE
1366x768 No signal of 1366 1024.5 819.6
this resolution!
720p 640 1280 960 768
1080p 960 1920 1440 1152

Figure 2 — Raw Chroma Pixel Count

Pixcale Algorithm

The Pixcale Algorithm is a spatial sub-pixel rendgralgorithm that calculates the
required color and luminance levels for each suelpilt does so taking into account the
data of the current input data pixel as well asndighboring input data pixels and the
resulted levels of the neighboring sub-pixels. cBssing is performed in the multi-
primary space.

The use of more than 3 primaries per full colorpadlows a better spread of the
luminance across the pixel. It permits the usa sfib-set of the multi-primary sub-pixels
to produce color and, of course, the use of segeitalsets to increase resolution.

Limitations

Pixcale is highly suited to video. HD images dreven with HD resolution. Pixcale
panels may suffer from a certain graininess in sooher areas, however this is not
visible from a normal viewing distance.

It is less well suited to graphics, and therefare&le panels will be less suitable as
monitors. This limitation relates to large soliGR primary areas, or to RGB fine lines,
and is highly dependent on the specific pixel agunfation.



Images

The photographs at the end of this document shavkkdnd-white images from both
standard resolution and RGBY Pixcale resolutiopldigs. The images were captured
with a high resolution (8 Megapixel) digital camefBhe full image is shown, as well as
an enlargement of part of the image (cropped framesimage) and a macro photograph
of a small area of the image. There is also a zo@pped from the macro image to show
the pixel structure of each panel. Note that tBR uses a staggered pixel structure
rather than a stripe. The JPEG files are availableequest from Genoa.

These images demonstrate the assertion abovéi#ratis no loss of image resolution.
Any moiré effects are associated with the files teddevice with which this document
is being viewed. There is no on-screen moiré. ddier differences are because of the
different color temperatures of the two displays.

Perspective
When considering the implication of the “differem&solution of Pixcale panels it is
worth recalling that:

(a) Both video and audio compression are standardeicensumer market, even
though the compression is far from lossless. [euntiore, experts can easily
identify artifacts resulting from the compressiddonetheless, the consumer
accepts this reality without question.

(b) Most large LCD TV panels have 1366x768 resolutidhere is no native signal
in this resolution. This requires scaling in thege processor. This scaling
operation has an anti-aliasing filter that suppredsgh spatial frequencies in the
data. This operation reduces the apparent resoluth 720p signal will look
better and sharper on a “true 720p” display thastime signal scaled to be
displayed on the full 768 lines of the WXGA parelen though the 720p display
has a lower number of pixels. Despite this, thigetof processing is universally
accepted without question by the industry.

Images of RGB and Pixcale Panels
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RGB Full Screen Image RGBY Full Screen Image



RGB Left Side Enlargement RGBY Left Sidargeiment

RGB Macro Shot of Ellipse RGBY Macro Shdliybse



Macro Shot — RGB Pixels Macro Shot — RGBY Pixels
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