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TAPERED MULTILAYER LUMINAIRE DEVICE

The present invention is concemed generally with a huminaire
device for providing selected light llumination. More particulardy, the
invention is concerned with tapered luminaires, such as 2 wedge or disc
shape, for backlighting by selective post diffusion of light cutput from a
liguid crystal display layer and also by manipulating light polarization
and filtering selected light polarizations to enhance light illumination and
image output.

A variety of applications exist for luminaire devices, such as, for
liquid crystal displays. For flat panel liquid crystal displays, it is
important to provide adequate backlighting while maintaining a compact
lighting source. It is known to use wedge shaped optical devices for
general illumination purposes. Light is input to such devices at the larger
end; and light is then internally reflected off the wedge surfaces until the
critical angle of the reflecting interface is reached, after which light is
output from the wedge device. Such devices, however, have only been
used to generally deliver an uncollimated lighting output and often have
undesirable spatial and angular output distributions. For example, some
of these devices use white painted layers as diffuse reflectors to generate
uncollimated output light,

1t 15 therefore an object of the invention to provide an improved
optical device and method of manufacture.

It is another object of the invention o provide a novel three
dimensional laminaire.

It is a further object of the invention to provide an improved
multilayer tapered luminaire for optical purposes, such as for controlled
utilization of light polarization.

It is still another object of the invention fo provide a novel tapered
luminaire device for controlled transmission or concentration of light.

Tt is an additional object of the invention to provide a novel optical
device for providing collimated polarized light iHlumination from the
device.

It is vet a further object of the invention to provide an improved
tapered luminaire having a polarization filter layer,

SUBSTITUTE SHEET (RULE 26)
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It is still another object of the invention to provide a novel
luminaire allowing conversion of polarized light to enhance illumination .
output from the invention. §
1t is yet a further object of the invention to provide an improved »

illumination system wherein a combination of a polarization filter layer
and light redirecting layer are utilized to provide improved light
illumination over a controlled angular range of output to the viewer,

Tt 1s still a further object of the invention to provide a novel
lumingaire optical device wherein a combination of a polarization filter,
polarization converting layer and a post LCD diffuser Iayer are used to
enhance light iflumination from the optical device.

It is yet a further object of the invention to provide an improved
luminaire optical device wherein an LCD layer is disposed adjacent an
overlying post LCD diffuser layer to enable control of light distribution
over broader angles to viewers without loss of light output or image
gualities.

Other objects, features and advantages of the present invention
will be readily apparent from the following description of the preferred
embodiments thereof, taken in conjunction with the accompanying
drawings described below., '

Brief Description of the Drawings

FIGURE 1 shows a prior art wedge shaped device;

FIGURE 24 illustrates a multilayer tapered huminaire device
constructed in accordance with the invention; FIG. 2B is a magnified
partial view of the junction of the wedge layer, the first layer and the
second faceted layer; FIG. 2C is an exaggerated form of FIG. 2A showing
a greatly enlarged second faceted laver; FIG. 2D is a partial view of the
junction of the three layers illustrating the geometry for brightness

 determinations; FIG. 2E is a multilayer wedge device with a light

redirecting, internally transmitting layer on the bottom; FIG. 2F shows a *
wedge device with a lower surface transhucent layer; FIG. 2G shows a
wedge laver with a lower surface refracting faceted layer; FIG. 2H shows
2 wedge layer with a lower surface refracting layer and curved facets
thereon; FIG. 21 shows a wedge layer with a refracting layer of facets

N
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having variable facet angles; FIG. 2J shows a single refracting prism
coupled to a wedge layer; FIG, 2K shows a smgle refracting prism
coupled to a wedge layer and with an integral lens; FIG. 2L shows a
reflecting faceted layer coupled to a wedge device; FIG, 2M shows a
reflecting faceted layer with curved facet angles and coupled to a wedge
device; FIG. 2N shows a flat reflecting facet on a wedge layer and
FIG. 20 shows a curved reflecting facet on a wedge layer;

FIGURE 3A illustrates 2 multilaver wedge device with curved
facets on the ambient side of the second layer and FIG. 3B shows a
magnified partial view of the junction of the various layers of the device;

FIGURE 4A shows caloulated brightness performance over angle
for an asymmetric range of angles of llumination; FIG. 4B shows
calculated brightness distribution performance over angle for a more
symmetric angle range; FIG. 4C illustrates calculated brightness
performance over angle for the symmetry of FIG. 4B and adding an
external diffuser element; FIG. 4D illustrates an output using flat
reflecting facets, no parallel diffuser; full-width at half-maximom
brightness (FWHM) = 7 degrees; FIG. 4E illustrates an example of nearly
symmetrical oufput distribution, measured using flat facets with parallel
lenticular diffuser; FWHM = 34 degrees; FIG. 4F illustrates an example
of asviumetrical output distribution, measured using curved facets;
FWHM = 32 degrees; FIG. 4G illustrates an example asymmetrical
output distribution, measured using curved facets; FWHM = 26 degrees;
FIG. 4H illustrates an example of a bimodal output distribution, measured
using one faceted reflecting layer and one faceted refractive layer; and
FIG 41 illustrates an example of an output distribution with large "tails”,
measured using a diffuse reflective bottom redirecting layer and a
refracting/internally-reflecting top redirecting layer; :

FIGURE 5A shows a top view of a disc shaped light guide and
FIG. 5B illustrates a cross section taken along 53B-5B in FIG. 54;

FIGURE 6A shows a cross sectional view of a multilayer tapered
tuminaire device with an air gap layer included; FIG. 6B shows another
tapered luminaire in cross section with a compound parabelic hight '
scumeicmiccntramr; FIG. 6C iilustrates another tapered luminaire in
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cross section with a variable parametric profile light source and a
fenticular diffuser; and FIG. 6D shows another tapered luminaire in cross *
section with non-monotonic wedge layer thickness;
FIGURE 7 illustrates a reflective element disposed concentrically :

about a light source;

FIGURE 8 illustrates a reflective element disposed about a light
source with maximum displacement between the reflector center of
curvature and the center of the light source;

~ FIGURE 9A illustrates use of a redirecting layer to provide a
substantially similar angular distribution emanating from all portions of
the device and FIG, 9B illustrates use of a redirecting layer to vary
angular distribution emanating from different portions of the device, and
specifically to focus the various angular distributions to enhance their
overlap at a selected target distance;

FIGURE 10 illustrates one form of pair of lenticular amays of a
luminatre; and

FIGURE 11 illustrates a lenticudar diffuser array and curved facet
layer of a luminaire;

FIGURE 12A illustrates a wedge shaped luminaire having a pair of
diffraction gratings or hologram layers; FIG. 12B shows a wedge shaped
luminaire with a pair of refracting facet layers and diffusers; FIG. 12C
illustrates a wedge shaped luminaire with a pair of faceted layers, FIG.
12D shows a wedge shaped lominaire with two refracting single facet
layers; FIG. 12E illustrates a wedge shaped luminaire with a refracting
single facet layer and a bottom surface redirecting layer; FIG. 12F shows
a luminaire with a top surface redirecting layer of a refracting faceted
layer and a bottom surface refracting and intcma}_ljf reflecting layer; FIG.
12G illustrates a luminaire with a top surface refracting/internally
reflecting faceted layer and a bottom surface refracting/internatly
reflecting faceted layer; FIG. 12H shows a Juminaire with a top surface
refracting faceted layer and a bottom surface refracting/interally
reflecting faceted layer; FIG, 121 illustrates a luminaire with a bottom
surface specular reflector and a top layer transmission diffraction grating

or transmission hologram; FIG. 12 shows a luminaire with a bottom
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surface specular reflector and a top surface refracting faceted layer and
diffuser; FIG. 12K illustrates a luminaire with a bottom layer specular
reflector and a top layer refracting/internally reflecting faceted layer; FIG.
121 shows a luminaire with a bottom specular reflector and a top layer
refracting/internally reflecting faceted layer; FIG. 12M fllustrates a
hamingire with an initial reflector section including an integral lenticular
diffuser; FIG. 12N shows s luminaire with a roughened initial reflector
section of a layer; FIG, 120 illustrates s laminaire with an eccentric light
coupler and converging to the wedge shaped section; FIG. 12P shows 2
luminaire with an eccentric light coupler and a diffuser and roughened or
lenticular reflector; FIG. 12Q) illustrates 2 luminaire with a bottom
specular or diffusely reflecting layer and a top refracting layer and FIG.
12R shows a luminaire for generating 8 "bat wing" light output,

FIGURE 13 illustrates a combination of two wedge shaped
sections formed integrally and using two light sources;

FIGURE 14 shows a tapered disk luminaire including a faceted
redirecting layer,

FIGURE 185 illustrates a luminaire operating to provide a
coliimated light output distribution;

FIGURE 16A shows a prior art ambient mode LCD and FIG. 16B
tlustrates a prior art transflective LCD umit;

FIGURE 17 shows a luminaire operative in ambient and active
modes with 3 faceted redirecting layer and a lenticular diffuser; and

FIGURE 1BA illustrates a lominaire with an array of microprisms
for a faceted surface disposed over a diffuse backlight and with the
microprisms having equal angles on both sides, but each microprism
having progressively changing facet angles across the face; FIG. 18B
shows a microprism array as in FIG. 18A with the sides of each
mricroprism having different angles varying again across the faceted
surface;

FIGURE 19A illostrates a luminaire having a polarization filter
layer; FIG, 19B shows a luminaire with a plurality of layers including a
polarization filter layer; and FIG. 19C shows a variation on FIG. 19B
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&
with layer indices enabling output of both polarizations of light on one
side of the luminaire;

FIGURE 20A illustrates a luminaire similar to FIG. 19B but
farther includes a reflector layer; FIG. 20B illustrates a luminaire as in ’
FIG. 20A but a redirecting layer is disposed on the same side of the base
layer and the polarization filter; and FIG, 20C is a variation on FIG. 20B
with an additional redirecting layer and rearranged ny/filter/redirecting
layers;

FIGURE 21A illustrates a luminaire having a polarization
converting layer and polarization filter layer; FIG. 21B is a
variation on FIG. 21A with the polarization filter layer and
polarization converting layer on the same side of the base layer;

FIGURE 22A illustrates a luminaire with a polarization
filter layer one side of the base layer and a polarization converting
layer on the other side; FIG. 228 shows a variation on FIG. 22A
with the filter and converting layers adjacent one another on the
same side of the base layer; FIG. 22C shows a further vanation of
FIG. 22A and B and with a reflector layer added; FIG. 22D
illustrates a further variation on FIG. 22C with the converting layer
moved to the other side of the base layer and FIG. 22E shows
another variation on FIG. 22D;

FIGURE 23A illustrates a luminaire having plural layers
including a polarization filter, a converting, a redirecting, a
reflector and an LCD layer; FIG. 23B shows a variation on
FIG. 23A; and FIG. 23C illustrates yet another variation on
FIG. 23A; ‘

FIGURE 24A illustrates conventionally a luminaire with
two polarization filter layers for two polarization states; FIG. 24B
shows a variation on FIG. 24A plus an added light redirecting
layer; FIG. 24C is a further variation on FIG. 24B with 2 matching
layer, a second redirecting layer and an LCD layer; FIG. 24D is
yet another variation on FIGS. 24B and C; FIG. 24E is a variation
on FIG. 24D with an added converting layer and two polarization
filter layers and two redirecting layers and FIG. 24F is still another
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variation on FIG. 24E with LCD layers on both sides of the base
layer;,

FIGURE 23A illustrates a general construction utilizing two
polarization filter layers and a polarization converting layer;

FIG. 25B shows a variation on FIG. 25A with an added redirecting
layer;

FIGURE 26A illustrates 2 multilayer luminaire with a light
source coupled to a light angle transformer to control spatial
uniformity of light ouput from the device; FIG. 26B is a variation
on FIG. 264

FIGURE 27A illustrates a luminaire with a faceted
redirecting layer and light polarization and polarization converting
Tayers; and FIG. 27B is a variation on FIG. 27A, wherein the
redirecting layers includes a reflecting layer with curved facets for
focusing light in a preferred viewing zone;

FIGURE 28A illustrates a luminaire including a
polarization light filter, polarization converter and a faceted
redirecting and diffusing layer; FIG. 28B shows a variation on
FIG. 28A with two polarization filter Jayers and two faceted
redirecting laver; FIG, 28C shows a light source coupled to a
luminaire and is 2 variation on FIG. 28A; FIG. 28D is a variation
on FIG. 28C; and FIG. 28E 1s yet another variation on FIG. 28C;

FIGURE 29A iltustrates a luminaire with polarized light
output in combination with an LCD layer and FIG. 25Bisa
variation on FIG. 29A;

FIGURE 30A illustrates a conventional LCD display
system; FIG. 308 shows a polarization filter layer; FIG. 30C
illustrates 8 multilayer thin film form of polarization filter; FIG.
30D shows a Brewster Stack form of polarization filter; FIG. 30E
tlustrates a birefringent plate and interacting polarized light; FIG.
30F shows Eulerian angles and optical vectors; FIGURE 30G
shows a backlight providing collimated light in the xz plane and
FIG. 30H shows a detailed enlargement of a zone from FIG, 30G;

Microsoft Exhibit 1002 - Page 2063
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 98/27918 PCT/USH5/04424

8
FIGURE 31A illustrates a luminaire with a coupled
birefringent laver; FIG. 31B shows a luminaire and birefringent *
layer and an added light redirecting layer; FIG. 31C illustrates a
luminaire system similar to FIG, 31B with an added light .

polarization converting layer; FIG. 31D is similar to FIG. 31C but
the converting layer is on the same side of the base layer as the
birefringent laver; FIG. 31E illustrates a variation on FIG. 31C
with the converting layer coupled directly to the base layer; FIG.
31F is similar to FIG. 31D but the redirecting layer comprises &
faceted layer; FIG. 31G is based on the embodiment of FIG. 31F
but also includes a matching layer, an LCD layer and a diffuser
layer; and FIG. 31H is a variation on FIG, 31G; and

FIGURE 32A illustrates a luminaire system including an
LCD layer and a post LCD diffuser layer for processing
unpolarized light; FIG. 32B is a variation on FIG. 32A; and FIG.
32C is a varation on FIG. 32B.

Detailed Description of Preferred Embodiments

A multilayer luminaire device constructed in accordance with one
form of the invention is illustrated in FIG. 2 and indicated generally at 10,
A prior art wedge 11 is shown generally in FIG. 1. In this wedge 11 the
light rays within the wedge 11 reflect from the surfaces until the angle of
incidence is less than the critical angle (sin-11/n) where n is the index of
refraction of the wedge 11. The light can exit equally from both top and
bottom surfaces of the wedge 11, as well as exiting at grazing angles.

N The multilayer luminaire device 10 (hereinafier “device 10™)
shown in FIG. 2A includes a base or wedge layer 12 which has a
characteristic optical index of refraction of ny. The term "wedge layer”
shall be used herein to include all geometries having converging top and
bottom surfaces with wedge shaped cross sectional areas. Thex, yand z
axes are indicated within FIGS. 2A and 2C with the *y” axis
perpendicular to the paper. Typical useful materials for the wedge layer-
12 include almost any transparent material, such as glass, polymethyl
methacrylate, polystyrene, polycarbonate, polyvinyl chloride, methyl
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methacrylate/styrene copolymer (NAS) and styrene/acrylonitrile. The
wedge layer 12 in FIG. 2A further includes a top surface 14, a bottom
surface 16, side surfaces 18, edge 26 and a back surface 20 of thickness
to spanning the top, bottom and side surfaces. A light source, such as a
tubular fluorescent light 22, injects light 24 through the back surface 20
into the wedge layer 12. The light 24 is internally reflected from the
various wedge layer surfaces and is directed along the wedge layer 12
toward the edge 26. Other possible light sources can be used and will be
described hereinafter, Generally, conventional light sources provide
substantially incoherent, uncollimated light; but coherent, collimated light
can also be processed by the inventions herein,

For the case where the surfaces 14 and 16 are flat, a single angle
of inclination ¢ for a linear wedge is defined by the top surface 14 and the
bottom surface 16, In the case of nonlinear wedges, a continuum of
angles ¢ arc definable; and the nonlincar wedge can be designed to
provide the desired control of light output or concentration. Such 2
nonlinear wedge will be described in more detail later.

In the embodiment of FIG. 2A a first layer 28 is coupled to the
wedge layer 12 without any intervening air gap, and the first layer 28 has
an optical index of refraction ny and is optically coupled to the bottom
surface 16. The first layer 28 can range in thickness from a few light
wavelengths to much greater thicknesses and accomplish the desired
functionality. The resulting dielectric inferface between the wedge layer
12 and the first layer 28 has a higher critical angle than at the interface
between the wedge layer 12 and ambient. As will be apparent

_ heremafter, this feature can enable preferential angular output and
collimation of the light 24 from the device 10,

Coupled to the first layer 28 is a second layer 30 (best seen in FIG.
2B) having an optical index of refraction n3 which is greater than np, and
in some embodiments preferably greater than nj. This configuration then
allows the light 24 to leave the first layer 28 and enter the second layer
30. In the embodiment of FIG. 2A there are substantially no intervening.
air gaps between the first layer 28 and the second layer 30. In the
preferred form of the invention illustrated in FIG. 24, ny is about 1.5,
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n2<1.5 and n3>nj. Most preferably, ny=1.5, np<1.5 (such as ebout one)
and n3>nj.

In such & multilayer configuration for the device 10 shown in
FIG. 2, the wedge layer 12 causes the angle of incidence for each cychic .
time of reflection from the top surface 14 to decrease by the angle of
inclination 2¢ (relative to the normal to the plane of the bottom surface
18). When the angle of incidence with the bottom surface 16 is less than
the critical angle characteristic of the interface between the wedge layer
12 and the first layer 28, the light 24 is coupled into the first layer 28,
Therefore, the first layer 28 and the associated optical interface properties
form an angular filter allowing the light 24 to pass when the condition is
satisfied: 8<6, = sin"} (np/ny). That s, the described critical angle is
higher than for the interface between air and the wedge layer 12,
Therefore, if the two critical angles differ by more than 64, nearly all of
the light 24 will cross into the interface between the wedge layer 12 and
the first layer 28 before it can exit the wedge layer 12 through the top
surface 14. Consequently, if the two critical angles differ by less than §,
a substantial fraction, but less than half, of the light can exit the top
surface 14, If the two angles differ by more than ¢ and less than 6¢, then
substantially more than half but less than all the light will cross into the
wedge laver 12 and the first layer 28 before it can exit the wedge layer 12
through the top surface 14. The device 10 can thus be constructed such
that the condition <8y is satisfied first for the bottom surface 16. The
escaping light 24 (light which has entered the layer 28) will then enter the
second layer 30 as long as n3y>ny, for example. The light 24 then
becomes a collimated light 25 in the second layer 30 provided by virtue
of the first layer 28 being coupled to the wedge layer 12 and having the
proper relationship between the indices of refraction.

In order to generate an output of the Light 24 from the devme 10,
the second layer 30 includes means for scattertug light, such as a paint
layer 33 shown in FIG. 2E or a faceted surface 34 shown in both
FIGS. 2B and 2C. The paint layer 33 can be used to preferentially project
an image or other visual information. The paint layer 33 can comprise,
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for example, a controllable distribution of particles having characteristic
indices of refraction.

By appropriate choice, light can also be redirected back through
the wedge layer 12 and into ambient (see light 29 in FIGS. 2A and 20C) or
output directly into ambient from the second layer 30 (see light 29" in
FIG. 2F).

In other forms of the invention a further plurality of layers with
associated "n" values can exist. In one preferred form of the invention
the index of the lowest iudex layer can replace ny in equations for
numerical aperture and output angle (to be provided hereinafter). Such
further layers can, for example, be intervening between the wedge layer
12 and the first layer 28, intervening between the first layer 28 and the
second layer 30 or be overlayers of the wedge layer 12 or the second
layer 30

In certain embodiments the preferred geometries result in output of
light into ambient without being reflected back through the wedge
layer 12. For example, in FIG. 2F the device 10 can include a translucent
layer 37. In another form of this embodiment shown in FIG. 2G, a
refracting laver 38 is shown. The refracting layer 38 can include flat
facets 39 for providing a collimated output. Also shown in phantom in
FIG. 2@ 1s a transverse lenticolar diffuser 83 which will be described in
more detail hereinafter. The diffuser layer 83 can be used with any of the
invention geometries, including above the wedge layer 12 as in FIG. 6A.

In yet another example shown in FIG. 2H, the refracting layer 38
can include curved facets 41 for providing a smoothly broadened output

-over a desired angular distribution. In a further example shown in

'FIG. 21, the refracting layer 38 includes variable angle facets 42. These
facets 42 have facet angles and/or curvature which are varied with
position across the facet array to focus output light in 2 desired manner,
Curved facets would enable producing a sofily focused region within

“which the entire viewing screen appears to be illuminated. Examples of
the application to computer screen illumination will be described

- hereinafter. In FIGS. 2J and 2K are shown, respectively, a single

refracting prism element 43 and the prism element 43 with an integral’
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lens 44 to focus the output light. FIGS. 2L and M show the faceted
surface 34 with the facets angularly disposed to control the ontput *
distribution of light. In FIGS. 2K and 2L the light is output to a focal
point "F", while in FIG, 2M the output is over an approximate viewing
range 45. FIGS. 2N and 20 illustrate flat reflecting facets 48 and curved
reflecting facet 49 for providing a collimated light output or focused light
output, respectively.

As shown in FIGS. 2A and C the faceted surface 34 optically
reflects and redirects light 29 through the second layer 30, the first layer
28 and then through the wedge layer 12 into ambient. Ouly a fraction of
each facet is lluminated, causing the output to appear alternately light
and dark when viewed on a sufficiently small scale. Since this patiern is
typically undesirable, for the preferred embodiment shown in FIG, 2B the
periad of spacing between each of the faceted surfaces 34 is preferably
large enough to avoid diffraction effects, but small enough that the
individual facets are not detected by the intended observing means. The
spacing is also chosen to avoid forming Moiré interference patterns with
any features of the device 1o be illuminated, such as a liquid crystal
display or CCD (charge coupled device) arrays. Some irregularity in the
spacing can mitigate undesirable diffraction Moiré effects, For typical
backlighting displays, a spacing period of roughly 0.001-0.003 inches can
accomplish the desired purpose.

The faceted surface 34 in FIGS. 2B and 2C, for example, can be
generally prepared to control the angular range over which the redirected
light 29 is output from the device 10. The minimum distribution of
output angle in the layer 30 has a width which is approximately equal to:

A8 = 2 §[(ny2-np2)(n32ny )]

Thus, since ¢ can be quite small, the device 10 can be quite an
cHective collimator. Therefore, for the hinear faceted surface 34, the
exiting redirected light 29 has a minimum angolar width in air of
approximately.

ABair = n3A8 = 24(n ] 2-m2)/{1-(na/n3)2]%. :
As described hereinbefore, and as shown in FIGS. 2H, 21, 2K, 2L, 2M,
and FIG. 3, the facet geometry can be used to control angular (mtput'in
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excess of the minimum angle and also focus and control the direction of
the outpat light.

Fresnel reflections from the various interfaces can also broaden the
output angle beyond the values given above, but this effect can be
reduced by applying an anti reflection coating 31 on one or more of the
internal interfaces, as shown in FIG. 2B.

The brightness ratio ("BR”) for the illustrated embodiment can be
determined by reference to FIG. 2D as well as by etendue match, and BR
can be expressed as:

.. Qutput brightness

BR.= source brightness

or, B.R. = illuminated area/total area

B.R. = [i-(n2/n3)2]"2 = 0.4-0.65 (for most transparent
dielectric materials). For example, the wedge layer 12 can be acrylic (ny
= 1.49), the first layer 28 can be a fluoropolymer (ny = 1.28-1.43) or Sol-
gel (mp = 1.05-1.35, fluoride salts (ny = 1.38-1.43) or silicone based
polymer or adhesive (n3 = 1.4-1.45); and the second layer 30 canbe a
faceted reflector such as polycarbonate (n3 = 1.59), polystyrene
{n3 = 1.59) epoxy (n3 = 1.5-1.55) or acrylic (n3 = 1.49) which have been
metallized at the air interface.

The flat, or linear, faceted surfaces 34 shown, for example, in

FIGR. 2B and 2C can redirect the incident lght 24 to control direction of
light output and also substantially preserve the angular distribution of
light A® which is coupled into the second layer 30 by the angle-filtering
effect (see, for example, FIG. 4D). For example, in one preferred -
embodiment shown in FIG. 21, the faceted surfaces 34 reflect light with
the flat facet angles varied with position to focus the output light. In
FIG. 2M the faceted surfaces 34 include curved facet angles which vary
with position to produce a softly focused viewing zone 45 within which
the entire screen appears to be illuminated (see also, for example FIGS.
4F and 4G). Also show in phantom in FIG. 2M is an exemplary liquid
crystal display 47 usable in conjunction with the invention. As further
shown in FIGS. 3A and B, curved facets 36 also redirect the incident light
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24, but the facet curvature increases the resulting renge of angular output
for the redirected light 29 (see for comparison for flat facets FIG. 2D} *
For example, it is known that a concave trough can produce a real image,
and that a convex trough can produce a virtual image (see, for example, ~

FIG. 3B). In each case the image is equivalent to a line source emitting
light uniformly over the desired angular output range. Consequently, an
array of such trough shaped facets 36 can redirect the incoming form of
collimated light 25 from the first layer 28 {(see FIG. 2C), and a plurality
of such line source images then form the redivected light 29. By
arranging the spacing of the curved facets 36 to less than human eye
resolution, the resulting array of line sources will appear very uniform to
an observer. As previously mentioned, the choice of about three hundred
to five hundred lines/inch or 0.002 to 0.003 inches for the period of facet
spacing provides such a result. For a typical LCD display viewing
distances of approximately twenty inches or greater are conventional,

Other useful facet shapes can include, for example, parabolic,
elliptical, hyperbolic, circular, exponential, polynomial, polygonal, and
combinations thereof. The user can thus construct virtually arbitrary
distributions of averaged brightmess of lumination using different facet
designs. For example, polygon shaped facets can be used to produce
output angular distributions having multiple peaks.

Examples of brightmess distribution over various ranges of sugular
output using a curved-faceted reflector are illustrated in FIGS. 4A-4C, 4F
and 4G. FIG. 4C and 4E shows the brightness distribution in the case of
a reflector having linear facets, and further including a diffuser element
40 (shown in phantom in FIG. 2C). The predicted performance output is
shown for the various angular ranges (see FIGS.V4A~4C) and compared
with the measured angular output of light for a commercially available
source (labeled "Wedge™), such as 8 "Wedge Light" unit, a trademark of
Display Engineering. The preferred angular range can readily be
modified to accommodate any particular viewing and collimation
requirements up to the minimum angle AO (air) described hereinbefore by
the equation in terms ¢, nj, ny and n3. This modification can be

“accomplished by progressively changing the curvature of the curved
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facets 36 in the manner shown in FIG. 2M and discussed hereinbefore. In
addition to the Hllustrated control of the vertical viewing angular range,
modification of the horizontal viewing range can also be accomplished by
appropriate changes of the shape of the curved facets 36. The above
described angular distributions shown in FIGS. 4A-41 are representative
when the device 10 is processing the light 24 within the numerical
aperture NA = (32 - np2)"%. When light is outside this range, additional
techniques can be applied to help control the angular output range,

FIGS. 9A and 9B further illustrate the use of redirecting means to
provide a tightly overlapping focused ilumination output and a less
overlapping focused illumination output, respectively. These concepts
can be apphied practically by considering that a typical portable computer
screen 87 has a vertical extent "V* of about 150mm, while a typical
viewing distance, “ID", is 300mm. A viewer at distance "D", positioned
normal to the vertical center of the computer screen 87 will view different
areas of the screen 87 at angles ranging from -8.5° measured at the top of
the screen 87 to +8.5° measured at the bottom of the screen §7. This
variation in viewing angle can, however, cause undesirable effects in use
of a system having such screen illumination. Such a limited illumination
angle for the screen 87 implies a limited range of positions from which a
viewer can see a fully illuminated screen 87 {see FIG. 9A). Defining the
viewer position in terms of the angle and distance from the center of the
screen 87, then the effective angular range is substantially reduced below
the nominal illumination angle. For example, if the nominal illumination
range is £20° measured at each individual facet, then the effective
viewing range is reduced to £12° in the typical flat panel illuminator
shown in FIG. 9A. The resulting illumination between 12°-20°, either
side of center for the screen 87, will appear to be nonuniform to the
viewer, : ,
The invention herein can be used to overcome the above described
nonuniformities by controlling the orientation of the faceted surface 34,
As illustrated, for example, in FIG. 2M both surfaces of the facets are
rotated progressively such that the flat facet surface is varied from 35.6°
10 33.3° relative to, or parallel to, the edges of the planes defining the
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various layers of the device 10. This systematic variation from the top to
the bottom of screen 89 (see FIG. 9B) results in the redirected output :
Hlustrated. The faceted surface 34 can further be combined with the
diffuser 83 and the like to produce a variable, but controliable light
tllumination output distribution. A flat faceted surface 168 can further be
combined with a diffuser 170. Therefore, as shown in FIG. 9B the ability
to rotate the angular distributions of light at different points on the screen
89 enable compensation for the variation in viewing angle with position,
Systematic variations in the faceted surface 34 can further include
variations in one or more facet angles, the spacing of the facets 38, or the
depth and width of the individual facets 38, In other embodiments, the
same principles can be applied to focus the output of any faceted
- redirecting layer. Examples are shown in FIGS. 21 and 2L.

In another example of overcoming nonuniformities of illumination,
an array of micro-prisms for the faceted surface 34 can be laid over a
conventional diffuse backlight 101 (see FIG. 18A). This faceted surface
34 operates by a combination of refraction and total internal reflection to
permit only a limited angular range to be output through the layer into
ambient. This angular range depends on the facet angles. For the case of
acrvlic film (p=1.49), highest brightness 1s typically achieved with 2
prism included angle of 90-100 degrees, resulting in a viewing angle of
approximately + 35 degrees. Backlights using such a geometry showa
sharp "curtaining” effect which is disconcerting to many viewers. This
effect can be ameliorated by rotating the facets 38 from top to bottom of
the screen to produce a focusing effect (see FIG. 18B). Simple ray-
tracing shows that, for included angles in the range of 100°-110°, a facet
rotated by an angle 6 will produce an angular distribution rotated by
approximately 8/2. In the embodiment shown in FIG. 18 the progressive
variation of facet face angle can vary as position ¥ along the faceted
surface 34 wherein, for example;

Wy =35"-(0.133 /mm) x
Yo = 35° + (0.133%/mm) »y,
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This progressive facet angle change will produce an angular
distribution which varies by approximately ten degrees across the screen
89, and satisfies the generic constraints outlined above.

Whatever the desired facet shapes, the faceted surface 34 (see,
FIG. 2D) 15 preferably formed by a conventional process such as molding
or other known milling processes. Details of manufacture will be
described hereinafter
Nonlinear Wedges. ,

In another form of the invention the wedge layer 12, which is the

- primary lightguide, can be other than the binear shape assumed
hereinbefore. These shapes allow achievement of a wide variety of
selected light distributions. Other shapes can be more generally
described in terms of the thickness of the wedge layer 12 as a function of
the wedge axis "z” shown in FIGS. 2B and C (the coordinate axis which
runs from the light input edge to the small or sharp edge 26). For the
linear shaped wedge,

A@y=Ay-Cuz (1)
Ap = maximum wedge thickness (see FIG, 24)
C=gonstani = tan ¢ ‘

A large range of desired spatial and angular distributions can be
achieved for the light output power (power coupled to the second layer
30). This Hght output power is thus the light available for output to the
ambient by the appropriately faceted surfaces 34 or 36, or even by the
diffuse reflector 33 (see FIG. 2E) or other means.

For example, if L and M are direction cosines along the x and y
axes, respectively, then Lo and M, are the values of L and M at the thick
edge (z=0). This initial distribution is Lambertian within some well-
defined angular range, with little or no light outside that range. This
distribution is especially important because ideal non-imaging optical
elements have limited Lambertian output distributions. The key
relationship is the adiabatic invariant, A(z)cos(8y) which is
approximately equal to ApLg and which implicitly gives the position (z)
of escape. To illustrate this C6ncept, suppose we desire uniform
irradiance so that dP/dz = constant. Suppose further that the initial phase
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space uniformiy fills an elliptical area described by the following
expression: : ’

Lo¥e® + Mgt =1 {2)
where 1 is the dimension of an ellipse along the M axis and o is the
dimension of the ellipse along the L axis,

Then, dP/dL = const - [1-1.2/02]"2 but dA/dz = [Ag/Le] dLo/dZ
where L, = cos. Therefore, [1-{Lo A /A 0)2]/2 dA = constant times
dz. Suppose o = L, in the preferred embodiment, This result can be
interpreted by the substitution A/Ag=sinu, sothat A=Apsinuandu +
12 sin (2u) = (n/2)(1-2/D) where 1) 1s the length of the wedge layer 12.

If the desired power per unit length is dP/dz, more generally, then
the desired shape of the wedge layer 12 is determined by the differential
equation:

dA(z)idz = - dP/dz (Ay/{1-(np/n})212) (3)

dP/dL,
Note that in all these cases the output distribution has only
approximately the desired form because it is modified by Fresnel
reflections. Note also that even when the wedge device 10 is curved, if
the curvature is not too large, it may still be useful to define an average
angle ¢ which qualitatively characterizes the system. ‘
In another aspect of the invention the geometry of the above
examples has an x,y interface between two refractive media with indices
nj and ny. The components BM,nN are conserved across the interface so
thatniM1 =Mz, 8iN1 =mMj. The angle of incidence projected in
the x,z plane is given by sin Oggr = NAL2 - N2)/2, Then using the above
relations, sin Gyafp'sin 01 efr= (/)1 - M121V/2/1 - (ny/np)2M; 21172
={ny/m3)esy. For example, forny = 149, ny = 135, M1 = 0.5, the
_ effective index ratio is 1.035(nj/n3), which is only slightly larger than the )
actual index ratio. :
Variation of Index of Refraction Over Spatial Parameters. S y
In the general case of tapered light guides, the wedge layer 12 is ‘
generally along the z axis with the narrow dimension along the x axis

Microsoft Exhibit 1002 - Page 2074
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 35/27915 PCT/USSS/04424

19
(see, for example, FIG. 24). If we introduce optical direction cosines
{nL,nM,aM) where LM,N are geometric direction cosines along x,y,z,
then n is the refractive index which may vary with spatial position. For
guided rays in the wedge layer 12, the motion in x is almost periodic, and
the quantity ¢ul.dx for one period is almost constant as the ray propagates
along z. This property is called adiabatic invariance and provides a
useful framework for analyzing the lightguide properties.

In a first example the wedge device 10 shown in FIG. 2A has a
uniform index in the wedge layer 12 and is lincarly tapered in z with
width A(z} = Ag - C-2. Then, along the zigzag ray path, L{(z)A(z) is
approximately equal to a constant by adisbatic invariance. If a ray starts
at z =0 with L = L, then (Ag - C-z)L(z} is approximately equal to LgAg.
The ray will leak out of the wedge layer 12 when L = cosf; where 6 is
the critical angle = [1-{na/n1)2]%2. Thus, the condition for leaving the
wedge layer 12 is Ag-Crz = LoAg/cos8,. This will oceur at z = (Ag/C)(1
~ Ly/cosB:). Consequently, the density of rays emerging in z is
proportional to the density of rays in the initial direction cosine Lg. For
exampie, the density will be uniform if the initial distribution in Lg is
uniform, '

In a second example, the index profile is no longer uniform but
falls off both in x and in 2. If the fall-off in z is much slower than in x,
the light ray path is still almost periodic, and the above adiabatic ‘
invariance still applies. Then, as the light ray 24 propagates in 2, the path
in x,nk. space is almost periodic. Therefore the maximum value of L{z)
increases and at some z may reach the critical value for escape. The z
value for escape depends on the details of the index (n) profile. When
this is specified, the analysis proceeds as in example one above. Thus,
for a parabolic index profile, the index profile has the form n2(x) = n2q|1
- 2A (x/p)2} for ~p<xp, =032 = n2p{1 - 2A] for x| > p. Then, the critical
angle at x = 0 {s still given by sin? Be=24A=1- (n;t’ng)z. Then, if we
have np a slowly decreasing fanction of z, the slope € at x = 0 will slowly
increase by the adiabatic invariance of ¢nldx, while 8; decreases so that
Light rays will escape. The details of the light ray distributions will
depend on how the index (n) varies with z,
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In the most general case the light can be input into any shape layer ¥
{g.g.. parallelepiped, cylinder or non-uniform wedge), and the principles
described herein apply in the same manner, In addition, the index of s

refraction can be varied as desired in (x,y,2z) to achieve the appropriate
end result when coupled to means to output light to ambient.

For example, consider a disc-shaped light guide 46 which is
tapered in the radial direction r shown in FIG. 5. The direction cosines in
cylindrical polar coordinates are ky, kg, k. Light 48 propagating in this
guide 46 satisfies the relationship:

¢nk,dz ~ constant. (adiabatic invariance) (4)
nrkg = constant. (angular momentum conservation) (5)

The adiabatic invariance condition is identical with that for the
wedge device 10, and the previous discussions periinent to the wedge
device 10 also thus apply to the light guide 46. The angular momentum
conservation condition requires that as the light streams outward from
source 47 with increasing radius, the kg value decreases. Therefore, the
light becomes collimated in the increasing radial direction. This makes
the properties fundamentally like the wedge device 10, and the light 48
can be made to emerge as light 52 at a selected ‘angllc to face 51,
colhimated along the z direction. ,

For purposes of ilustration we take the guide material to have a
constant index of refraction n. For such geometries the light rays 48
along the two-dimensional cross sectional plane taken along 5B-5B
behave just as in the case of the wedge device 10 counterpart described

- hereinbefore. Similarly, various additional layers 54 and 56 and other
* means can be used to achieve the desired light handling features, For
example, for the disc light guide 46 s preferred facet array 56 is a series
of circles, concentric with the disk 46. Thus, if the facets 56 are linear in
cross section, the light rays 52 will emerge in a direction collimated
within a full angle of 2 ¢ times a function of the indices of refraction as in
the device 10 described hereinbefore.
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Tapered Luminaires with Two Low-index Lavers.

In another form of the invention shown in FIG. 6A, the device 10
includes a first layer 61 having an optical index of refraction nj and a
first or top layer surface 62 and a second or bottom layer surface 64
converging to establish at least one angle of inclination ¢. The first layer
61 also includes a back surface 65 spanning the top layer surface 62 and
the bottom layer surface 64,

Adjacent the first layer 61 is layer means, such as a bottom
transparent layer means, like a first intermediate layer 66 of index ny
disposed adjacent to, or underlying, the bottom layer surface 64. In
addition, the layer means can embody a top transparent layer means,
second intermediate layer 81 of index ny disposed adjacent to the top
layer surface 62, At least one of the layers 66 and 81 can be an air gap,
or other gas or & transparent dielectric gap.

An air gap can be established by conventional means, such as by
external supports, such as suspending the layers under tension (not
shown) or by positioning spacers 68 between the first layer 61 and the
adjacent light redirecting layer 70. Likewise, the spacers 68 can be
positioned between the first layer 61 and the second light redirecting
layer 82. Alternatively, solid materials can be used for the transparent
dielectric to constitute layers 66 and 81 and can improve structural
integrity, robustness and ease of assembly. Such solid materials can
include, for example, sol-gels (np=1.05-1.35), fluoropolymers {np=1.28-
1.43), fluoride salts {(ny=1.38-1.43), or silicone-based polymers and
adhesives (ny=1.40-1.45). Such solid materials for the transparent
dielectric need no separate means o support or maintain it, but can result
in lower N.A, acceptance since the index is higher than for an air gap.

The layers 66 and 81 allow transmission of light received from the
first layer 61, In this erabodiment, part of the Hght will achieve 8 first
relative to the top layer surface 62, and light will enter the layer 81 for
further processing by the light redirecting layer 82. The remaining light
will thereby achieve 'Bc first relative to the bottom laver surface 64, thus

- entering the layer 66 for further processing by the light redirecting
layer 70. :
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In one preferred form of the invention (see FIG. 6A) both the
layers 66 and 81 are present and can have similar, but significantly
different indices npy and noy, respectively, The indices are considered
similar when they establish eritical angles at the interfaces 62 and 64
which are similar in magnitude to the wedge angle §, for example:

larcsin(nga/ny-arcsin(ugp/n) | < 64 (6)

In this case significant, but unequal, fractions of light will enter
each of the layers 66 and 81 for further processing by redirecting layers
70 and 82, respectively. The larger fraction will enter the layer having
the higher of the two indices ny; and ngp,. The redirecting layer 70
processes only the fraction which enters the layer 66. Therefore, the
influence of the redirecting layer 70 on the output angular distribution of
light can be changed by varying the relationship between the indices ny,
and nyyp.

In another preferred form of the invention the layers 66 and 81 can
be the same transparent material of index npy <nj. In general, lower
values of ny will enhance the efficiency of the device 10 by increasing
the numerical aperture at the light input surface 65, Therefore, collection
efficiency can be maximized when the layers 66 and 81 are gaps filled
with air or other gases (withny = 1-1.01).

The thickness of the layers 66 and 81 can be selectively varied to
control the output power spatial distribution of the device 10 or to
enhance its visual uniformity. For example, increasing the thickness of
the layer 81 by 0.002"-0.030" sharply reduces non-uniformities which
tend to appear at the thicker end of the device 10. The thickness of layers
66 and 81 can also be smoothly varied with position to influence a
desired spatial distribution of the light being cutput (see FIG. 12L).

In one preferred form of the invention shown in FIG. 64, the light
redirecting layer 70 includes a reflective layer 71 which reflects the light
back through the layer 66 and the first layer 61. The light is then cutput
into the first layer 61 through the top layer surface 62, and nltimately
through the light redirecting layer 82 for further processing. The
reflective layer 71 can, for example, be any corabination of a planar
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specular reflector, a partially or completely diffuse reflector, or a faceted
reflector. :

Use of a planar specular reflector leads to the narrowest angular
distribution within the layer 81. Therefore, the reflector can simphify
design of the light redirecting layer 82 when the desired output angular
distribution is unimodal. Diffuse or faceted reflectors can also be used
for the layer 71 in order to achieve a large range of angular distributions
(see FIGS, 4H and I) or to increase uniformity (see FIG. 4N). Diffuse
reflectors are preferred if the desired angular distribution has large “tails”
(see, in particular, FIG. 41). Faceted reflectors can produce a bimodal
angular distribution within the layer 81(see FIG, 4H), Therefore, such
faceted reflectors are preferred if the desired output angular distribution is
bimodal. For example, a bimodal "batwing" distribution is preferred from
luminaires for room illumination because it reduces glare,

In general each facet of the layer 71 can be shaped to control the
angular distribution of the light reflected back through the layer 66 and
the first layer 61 for further processing by the redirecting layer 82, The
angular distribution within the device 10 will in turn influence the angular
distribution of the light output into ambient from the redirecting layer 82,
For example, curved facets can be used to smoothly broaden the angnlar
distribution, as well as providing a diffusing effect to improve uniformity.
The reflective layer 71 can also influence the output power spatial
distribution as well as the angular distribution. The reflectivity,
specularity, or geometry of the reflective layer 71 can be varied with
position to achieve a desired output distribution. For example, as
described hereinbefore, small variations in the slope (see FIG. 12L) of
each element of the reflective layer 71 as a furiction of position
significantly change the light output distribution.

The light redirecting layer 82 has an index n3 > 0y, and is
substantially trausparent or translucent. The light in the low-index layer
81 enters the layer 82 and is redirected into ambient. The transmissive
redirecting layer 82 also redirects the light which has been processed by
reflection from the redirecting layer 71 then transmitted back through the

~ Jow-index layer 66 and the first layer 61. The transparency or geometry
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of the layer 82 can be varied with position to further influence the output
spatial distribution of the device 10. In one preferred form of the
invention the redirecting layer 82 includes a faceted surface at the
interface with the low-index layer 81, as shown in FIG. 6A. Light -
entering the layer 82 is refracted by one side 84 of each facet 85 as it
enters, and then is totally internally reflected by second side 86 of each of
the facets 85. In one form of the invention the redirecting layer 82 can be
a “Transparent Right-Angle Film" (hereinafter, TRAF), which is a
trademark of 3M Corp., and this product is commercially available from
3M Corp. This TRAF operates by refraction and total internal reflection
to turn incident light through approximately a ninety degree angle, as
would be desired in a typical LCD backlighting application. The
acceptance angle of the prior art TRAF is about twenty-one degrees,
which 1s large enough fo redirect a large fraction of light 75 which enters
the fow-index layer 81. In a more preferred form of the invention, the
facet angles are chosen to redirect more of the light 75 which enters the
low-index layer 81 by the described mechantsm of refraction plus total
imternal reflection. Either one or both of the facet surfaces 84 and 86 can
be shaped to control the output angular distribution. For example, the use
of curved facets smoothly broadens the distribution, as well as providing
a light diffusing effect which can improve uniformity.

In another preferred embodiment, the facet angle surfaces of the
redirecting layer 82 can be varied progressively to compensate for the
variation in viewing angle with position, when viewed from fypical
viewing distances. The details of such a compensation effect were
described earlier in reference to the design of the reflecting facet Iayer in
the embodiment shown in FIG. 2M. Similar principles can be applied to
the design of any faceted redirecting layer, including refracting layers and
refracting/internally-reflecting layers. Examples of embodiments which
can, for example, make use of such pmgrassivciy varied faceted layers
are shown in FIGS. 128 (layer 140}, 12G (layer 152), 12H (layer 166),
12K (layer 186), 12N (laver 210}, 120 (Javer 228), and 12P (layer 246).

In another form of invention the layers 66 and 81 can have similar
but slightly different indices ny and ny', respectively, The operating
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principles of the device 10 will be substantially similar as long as the
critical angles associated with interfaces between the first layer 61 and
the two layers 66 and 81 do not differ by more than the first laver
convergence angle: '
laresin{ny/np)~arcsin(ny/ny) | <$ (1)

Therefore, in this case approximately equal fractions of the light
will enter layers 66 and 81, for further processing by the redirecting
layers 70 and 82, respectively.

Al} forms of the invention can further include an output diffuser
layer 40, shown in phantom in FIG. 2C or transmissive or translucent
diffuser layer 83 shown in FIG. 6A. In general this diffuser layer 40 can
be a surface diffuser, a volume diffuser, or at least one array of micro
lenses having at least a section of a cylinder (known as a "lenticular
array"). These layers 40 and 83 can increase light uniformity or broaden
the angular distribution into ambient. Lenticular arrays are advantageous

-because they have low back-scattering in comparison to surface or
volume diffusers, and because they have sharper output angle cut-offs
when iHluminated by collimated light. Lenticular arrays also
preferentially diffuse only those features which would otherwise rum in
the general direction of the axis of each cylindrical micro lens.

In one preferred embodiment shown in FIG. 10, the light
redirecting layer 10 makes use of flat facets 111 such that the output light
is highly collimated. The desired output angular distribution is further
controlled by imcluding a lenticular diffuser 112 having an appropriate
focal ratio, with its cylindrical micro lenses running approximately
parallel to the y-axis. The lenticular diffuser 112 also diffuses non-
uniformities which would otherwise appear to be running in the general
direction of the y-axis. In this embodiment a second lenticular
diffuser 113 can be included to diffuse non-uniformities which would
otherwise appear running in the general direction of the z-axis. This
second lenticular diffuser's micro lenses run approximately parallel to the
z-axis (see FIG. 12H and 12N). Note that the order of positioning of the
diffusers 112 and 113 can be interchanged without loss of optical
advantage. Similarly, the lenticular diffuser 112 and 113 can be inverted
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and can have concave contours rather than convex contours shown in
FIG. 10. While such changes can affect the details of the performance,
the diffuser layers 112 and 113 can still provide the general advantages
described.

In another preferred embodiment shown in FIG. 11, the functions
of the Hat-faceted light redirecting layer 110 and the parallel lenticular
diffuser 112 in FIG. 10 can both be performed by a light redirecting
layer 114 having curved facets (see also, for example, FIGS. 2H, 2M and
3A illustrating curved facets). These curved-facet layers redirect the
light, control the angular output by having an appropriate facet curvature,
and act as a diffuser for pon-uniformities running in the general direction
of the y-axis. By combining these functions in a single-layer the number

- of components is reduced, which improves thickness, cost, and
manufacturability. In this embodiment, a single lenticular diffuser 115
can be included to diffuse the remaining non-uniformities which would
otherwise appear running in the general direction of the z-axis. This type
of lenticular diffuser micro lens runs approximately parallel to the z-axis.
Note that the lenticular diffuser 115 can be inverted and can have concave
contours rather than the convex contours shown in FIG.10. Agata, such
changes can affect performance details, but the layers 114 and 115
perform as intended.

In all embodiments using multiple micro-structured layers, the
facet or lenslet spacings of these layers described hereinbefore can be
chosen to have non-rational ratios, in order to avoid undesirable Moiré
patterns. Similarly, each layer's feature spacing can be designed to have
non-rational ratios with the apparatus to be illuminated, such as a quid
crystal display or charge-coupled detector (CCD) array. Each of the
lenticular diffuser layers 113, 112 and 115 can be tilted up to about 20°
from the configuration shown in the figures in order to reduce Moiré
interaction between layers or with a Hquid crystal display. x

Similar lenticular diffusers can be nsed with non-wedge
geometries having wedge shaped cross-sections, with similar advantages
if the diffuser cross sections are approximately as shown in FIGS. 10°and
11. One example is the tapered disk illustrated in FIG. 5. In this case the
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lenticular diffuser analogous to layer 112 in FIG.10 would have micro
lenses whose axes run in concentrie circles about the disk's axis of
rotations. A diffuser analogous to the layer 113 in FIG. 10 and 115 in
FIG. 11 would have micro lenses whose axes emanate radially from the
disk's central axis.
Light Sources and Couplers

In a more preferred form of the invention shown in FIGS, 2A and
B, a faceted layer 30 has been included for optically redirecting the light.
The facets 34 can be integral to the layer 30 or a separate facet layer.
Details of operation of such a faceted layer have been discussed
hereinbefore. As shown further in FIG. 6A an input faceted layer 74 can
also be disposed between a light source 76 and the first layer 61. The
faceted layer 74 can be a prismatic facet array which provides a
collimating effect for input hight 78 which provides brighter or more
wraform output Hght 80 into ambient,

Linear prisms parallel to the y-axis can improve uniformity by
adjusting the input angular distribution to match more closely the input
numerical aperture. Linear prisms parallel to the x-axis can limit the
output transverse angular distribution, and also improve output brightness
when used with a fluorescent lamp light source. In other forms of the
invention, diffusion of input light is desirable wherein a diffuser 79 is
used to diffuse the light distribution to spread out the light to improve
light uniformity. The diffuser 79 is preferably a lenticular array, with
cylindrical lenslets parallel to the y-axis. The diffuser 79 canalsobe a
standard surface or volume diffuser, and can be a discrete film or coupled
integrally to the wedge layer 61, Multiple prismatic or diffuser films can
be used in combination. Such a film form of the diffuser 79 and the
faceted film 74 can be interchanged in position to vary their effects,

In another preferred form of the invention, a portion of a dielectric
‘total internally reflecting CPC portion 100 (compound parabolic
concentrator) can be interposed between the light source 76 and the firgt
layer 61 (see FIGS. 21, 120 and 12P). The CPC portion 100 adjusts the
nput Hight to match more closely the input numerical aperture. The CPC
portion 100 is preferably formed integrally with the first layer 61.
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Reflector elements 92 and 94 shown in FIGS. 7 and §,
respectively, can be shaped and positioned to maximize the throughput of ’
light from the lght source 76 to the light-pipe aperture. This is
equivalent to minimizing the reflection of light back to the light
source 76, which partially absorbs any returned light. The Light source 76
is typically cylindrical and is surrounded by a transparent glass envelope
93, each having circunlar cross-sections as shown in FIGS. 7 and 8.
Typical examples of such light sources include fluorescent tubes and
long-filament incandescent lamps. The outer diameter of the light source
76 can be less than or equal to the inner diameter of the glass envelope
93. FIG. 7 shows a prior art U-shaped reflector 92 formed by wrapping 2
specular reflectorized polymer film around the light source 76 and
making contact with the wedge layer 12 at each end of the film. The
reflector element 92 typically is formed into a shape which is
approximately an arc of a circle on the side of the light source 76
opposite the wedge layer 12, with approximately straight sections
connecting each end-point of the arc with the wedge layer 12, This
manner of coupling the reflector element 92 to the wedge laver 12 is most
eastly accomplished when the reflector element cross-section lacks sharp
comers. In general the light source 76 is not permitted to touch either the
wedge layer 12 or the reflectorized film, in order to minimize thermal and
electrical coupling which can reduce lamp efficiency.

In one form of the present invention shown in FIG. 8, the reflector
element 94 is advantageously designed and the light source 76 is
advantageously placed to minimize the fraction of light returned to the
light source 76, and thereby increases efficiency. In one preferred
embodiment, at least a section of the reflector element 94 is shaped such
that a line drawn normal to the surface of the reflector element 94 at each
point is tangent to the circular cross-section of the light source 76. The
resulting reflector shape is known as an involute of the light source 76.

“While an involute provides maximum efficiency, other shapes can
generally be more easily manufactured. Polymer films can be readily *
bent into smooth curves which include almost semicircular arcs, as
described above. It can be shown that when the cross-section of the light
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source 76 and semicircular section of the reflector element 92 are
concentric as shown in FIG. 7, then the semicircular section of the
reflector element 92 will retumn all incident rays to the hight source 76,
leading to poor efficiency. Such inefficiency is a general property of self-
absorbing circular sources and concentric semictroular reflectors. This
general property can be derived from simple ray-tracing or the principal
of skew invariance. Even if the reflector element 92 is not perfectly
circular, each portion of the reflector element 92 will tend to return light
to the light source 76 if the cross-section of the light source 76 is
centered near the center of curvature of that reflector section.

It another preferred embodiment, the cross-section of the reflector
element 94 in FIG. 8 includes one or more almost semicircular arcs, and
efficiency is increased by displacing the center of the hight source 76
away from the center of curvature of the reflector element 94, Ray-
tracing and experiments have shown that such preferred embodiments can
be determined using the following design rules:

1. The cross-section of the reflector element 94 has a
maxinum extent in the x-dimension equal to the maximum thickness of
the wedge layer 12 (or light pipe);

2. The cross-section of the reflector element 54 has no
optically sharp corners; |

3. The radius of curvature of the reflector element 94 is as
large as possible; and

4, The light source 76 is as far as possible from the wedge
layer 12, but is far enough from the reflector element 94 to aveid contact
with worst-case manufacturing variations.

FIG. & shows an-example of a coupler which satisfies these above
described design rales for the light source 76 with inner diameter = 2 mm,
outer diameter = 3 mm, thickness of the wedge layer 12 (or light pipe) =
5 mm, and manufacturing tolerances which permit a 0.25 mm spacing
between the reflector element 94 and the outer diameter of the glass
envelope 93, In this example of a preferred embodiment the radius of

. curvature of the reflector element 94 is 2.5 mun, and the center of the light
source 76 is displaced by 0.75 mm away. from the aperture of the wedge
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layer 12. A coupler constructed according to this design was found to be
10-13% brighter than the comparable concentric coupler shown in FIG. 7.
The involute and the U-shaped reflector elements 92 and 94
previously described are designed to output light to the aperture of the’
wedge laver 12 with angles approaching + 90 degrees relative to the
aperture surface normal. In another preferred embodiment, the reflector
element 94 is shaped to output light with an angular distribution which is
closer to the N.A. of the device 10. As shown in FIGS. 6B and 6C, such
shapes as the reflector element 94 can include other geometries, such as,
a compound parabolic source reflector 86 and a nonimaging illumination
source reflector 88. An example of the source reflector 88 is described in
copending serial mumber 07/732,982 assigned fo the assignee of record of
the instant application, and this application is incorporated by reference
heremn,
In another embodiment of the invention shown in FIGS. 6D, 121,
I2N, and 120, the wedge layer 90 has a non-monotonic varying wedge
cross sectional thickness over various selected portions of the wedge
shaped cross section. It has been determined that one can exert control
over the light distribution being output by control of this cross section.
Further, it has been determined that optical boundary effects, as well as
intrinsic light source effects, can combine to give an output light
distribution with unwanted anomalies. One can therefore also
compensate for these anomalies, by providing a wedge cross section with
nonlinear changes in the actual dimensions of the wedge layer 90, for
example, near the thicker end which typically receives the input Light, By
control of these dimensions one can thus have another degree of freedom
to exert control over the light distribution, as well as provide virtually any
design to compensate for any boundary effect or light source artifact.
Furthermore, one can vary the index of refraction within the wedge layer
90 in the manner described hereinbefore to modify the distribution of
light and also compensate for light input anomalies to provide a desired
light distribution output. - :
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Manufacture of Luminaire Devices

In one form of the invention, manufacture of the device 10 can be
accomplished by carcfil use of selected adhesives and lamination
procedures. For example, the wedge layer 12 having index n{ can be
adhesively bonded to the first layer 28 having index ny. An adhesive
layer 60 (see FIG. 3B) can be applied in liquid form to the top surface of
the first layer 28, and the layer 28 is adhesively coupled to the bottom
surface 16 of the wedge layer 12, In general, the order of coupling the
various layers can be in any given order.

In applying the layer 12 to the layer 28 and other such layers, the
process of manufacture preferably accommodates the formation of
internal layer interfaces which are substantially smooth interfacial
surfaces. If not properly prepared such internal layers can detrimentally
affect performance because each interface between layers of different
indices can act as a reflecting surface with its own characteristic critical
angle. If the interfacial surfaces are substantially smooth, then the
detrimental effect of uneven surfaces is negligible. Therefore in
effectuating the lamination of the various layers of the device 10, the
methodology should utilize adhesives and/or joining techniques which
provide the above described smooth interfacial layers. Examples of
lamination processes include, without limitation, joining without
additional adhestve layers, coatings apphied to one layer and then joined
to a second layer with an adhesive and applying a film layer with two
adhesive layers (one on each layer surface to be joined to the other).

In a preferred embodiment lamination of layers is done without
any additional internal layer whose potential interfacial roughness will
distort the light distribution. An example of such a geometry for the
device 10 can be a liquid layer between the wedge layer 12 and the
second layer 30. This method works best if the first layer 29 {such as the
liquid layer) acts as an adhesive. One can choose to cure the adhesive
either before, partially or completely, or after joining together the various
layers of the device 10. The optical interface is thus defined by the
bottom surface of the wedge layer 12 and the top surface of the second
layer 30. ‘
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In another embodiment wherein a coating is used with an adhesive
layer, the first layer 28 can be the coating applied to the second layer 30.
Then, the coated film can be laminated to the wedge laver 12 in a second
step by applying an adhesive between the coated film and the wedge layer )
12. Itis preferable to apply the low index coating to the second layer 30
rather than directly to the wedge layer 12 since the second layer 30 1s
typically supplied in the form of continuous film rolls. In practice it is
more cost effective to coat such continuous rolls than to coat discrete
pieces. With this methodology it is more convenient to control thickness
of the applied low index layer, :

In another embodiment, the second layer 30 is manufactured in
such a way that it adheres to the first layer 28 directly without use of
additional adhesives. For example, the second layer 30 can be
manufactured by applying a layer of polymer material to the first layer
28, and then casting this material to have the desired second layer
geometry. In another example, the first layer 28 can serve as a carrier
film during the embossing of the second layver 30. By use of appropriate
temperatures during the embossing process, the second layer 30 can be
heat-fused to the first layer 28. Such heat-fusing can be accomplished
using a conventional FEP first-layer film by embossing at almost five
hundred degrees F or higher. ,

In a further embodiment using a film and two adhesives, the first
layer 28 can be an extruded or cast film which 1s then laminated to the
wedge layer 12, or between the wedge layer 12 and the second layer 30
using adhesive between the two types of interfaces. In order to minimize
the detrimental light scattering described hereinbefore, the adhesive layer
should be flat and smooth. The film can be obtained as a low index
material in commercially available, inexpensive forms. Such additional
adhesive layers can increase the strength by virtue of the multi-layer
construction having adhesive between each of the layers,

In the use of adhesive generally, the performance of the device 10
is optimized when the index of the adhesive between the wedge layer and
the first layer is as close as possible to the index of the first layer 28,

" When the critical angle at the wedge/adhesive interface is as low as
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possible, then the light undergoes a minimal sumber of reflections off the
lower quality film interface before exiting the device 10. In addition, the
index change at the surface of the first layer film is minimized whick
decreases the effects of film surface roughness.

Manufacture of faceted surfaces can be accomplished by micro-
machining a mold using a master tool. Machining can be carried out by
ruling with an appropriately shaped diamond tool, The master tool can be
replicated by known techniques, such as electroforming or casting. Each
replication step inverts the shape of the desired surface. The resulting
mold or replicates thereof can then be used to emboss the desired shape in
the second layer 30, A directly muled surface can also be used, but the
above described embossing method is preferred. Known "milling”
processes can include chemical etching techniques, ion beam etching and
laser heam milling,

In yet another method of mechanical manufacture, the faceted
surface 34 (see FIGS. 2B and 2M, for example) is manufactured by a
welding process, such as embossing or casting, using a hard tool which
has on one surface the inverse of the profile of the desired faceted surface
34. Therefore, the manufacturing problem reduces to the matter of
machining an appropriate tool. Usually the machined tool isused as a
template to form the tools actually used in the casting or embossing
process. Tools are typically replicated by clectroforming. Since
electroforming tnverts the surface profile, and electroforms may be made
from other electroforms, any number of such inversions can be
accomplished and the directly machined "master” can have the shape of
the faceted surfaces 3A or its inverse.

The tooling for the faceted surface 34 can be manufacmrcd_ by
single-point diamond machining, wherein the distance between cutting
tool and the work is varied to trace out the desired profile. The diamond
cutting tool must be very sharp, but in principle nearly arbitrary profiles
can be created. A given design can also require specific adaptations to
accommodate the non-zero radius of the cutting tool. If curved facet
surfaces are required, then circular arcs are preferred to facilitate

- ‘fabrication. The cutting tool is moved through the cutting substrate and
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cuts a groove having the approximate shape of the tool. It is desirable to
machine the entire piece using a single diamond tool. When this method
is used for making a "focusing” type of the faceted surface 34, the
variable groove profile therefore should be designed such that the various *
groove profiles can be machined by the same tool. The required shape
variations can still be accomplished by varying the angle of the tool, as
well as the groove spacing and depth. _

Design of the faceted surface 34 preferably satisfies a few general
constraints;

1. Approximately linear variation in the center of the
illumination angular distribution as a function of position. A variation of
11 degrees (% 5.5°) from top to bottom of typical computer screens is
effective;

2, The width of the variable angular distribution of light
output should be approximately proportional to the local illuminance in
order to achieve approximately uniform brightness to an observer.
Examples given below show the spatial distribution is approximately
uniform, so the angular cones have approximately uniform width; and

3. Spacing between grooves of the facets 38 should be large
enough or irregular enough to avoid diffraction effects, but also be chosen
to aveid Moiré patterns when used with an LCD panel. In practice these
requirements limit the allowed spatial variations.

In the manufacture of the device 10, for example, the viewing
angle depends on the tilt and curvature of each of the facets 38.
Focusing is accomplished by rotating the facet structure as a function of
position. Using the example of 8 150 mm screen viewed from 500 mm
away, the illumination cone can be varied by 17 degrees (i..,

+ 8.5 degrees) from top to bottom. For typical materials, acrvlic and
FEP, this requires the facet structure to rotate by approximately
5.7 degrees from top to bottom of the screen 89 (see FIG. 9B).

Design constraints can result when limitations (1)4(3) are
combined with the need to machine variable curved grooves with a single
tool. For example, maintsining a constant angular width (Constraint #1)
at a constant cutting depth requires a compensating variation in groove
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spacing or groove depth. Specifically, a linear change in groove spacing
can reduce the brightness variation to a negligible level when the form
tool which cuts the groove is shaped so that portions of each curved
reflector facets (see FIG. 2M) are shadowed by the top edge of the
adjacent facets. This spacing variation can be small enough to satisfy
Constraint #3. .

Further methods of manufacture can include vapor deposition,
sputtering or ion beam deposition of the first layer 28 since this layer can
be quite thin as described hereinbefore. Likewise, the second layer 30
can be controliably applied to form the faceted layer 30 shown in FIG, 2B
(such as by masking and layer deposition).

Wedge Light Pipe as a Simple Collimator Device

In the most general embodiment the wedge layer 12 can function
in the context of the combination as a simple collimating optical element.
The substantially transparent wedge layer 12 has an optical index of
refraction nq and the top surface 14 and the bottom surface 16 converge
to establish at least one angle of inclination ¢ (see FIG. 15). The wedge
laver 12 also includes the back surface 20 spanning the top surface 14 and
the bottom surface 16. Adjacent to the wedge layer 12 is the transparent
first layer 28 having index of refraction n» including an sir gap. Adjacent
to the first layer 28 is a specular reflective layer, such as the faceted
surface 34 of the second layer 30,

Substantially uncollimated light is introduced through the back
surface 20 by the source 22. The light propagates within the wedge layer
12, with each ray decreasing its incident angle with respect to the top and
bottom surfaces 14 and 16 until the incident angle is less than the critical
angle 6. Once the angle is less than 8;, the ray emerges into ambient.
Rays which emerge through the bottom surface 16 are reflected back into
the wedge layer 12 and then output into ambient. By virtue of the angle-
filtering effect previously described, the output light is collimated within
a cone of angular width approximately:

A= 28%@EDA 0 (®)
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An area 99 fo be illuminated Hes beyond the end of the wedge layer 12
and substantially within the above-defined cone of width A8,

In another preferred embodiment a light-redirecting means can be
positioned beyond the end of the wedge layer 12 and substantially within
the above-defined cone of width AB. The light-redirecting means can be
a lens, planar specular reflector, or curved reflector. The light-redirecting
means reflects or refracts the light to the area to be illuminated. Further
details and uses of such redirecting mesns, such as lenticular diffusers,
will be described hereinafier.

In the embodiments of FIG. 6 having two air gaps or transparent
dielectric layers, the light redirecting layers are independent, and thus one
can construct devices having layers of different types. For example, the
use of two transmissive redirecting layers is preferred when light is to be
emitted from both sides of the device 10 or whenever maximum
collimation is desired. Examples of the redirecting layer 82 in general for
all inventions for two redirecting layers can include the examples in
FIG. 12 where the letter in parenthesis corresponds to the appropriate
figure of FIG. 12: (a) diffraction gratings 120 or a hologram 122 in
FIG. 124, (b) two refracting facet layers 124 with diffusers 126 in
FIG. 12B, {c) two faceted layers 128 with facets 130 designed to refract
and internally reflect light output from the wedge layer 12; such facets
130 are capable of turning the light output through a larger angle than is
possible by refraction alone; (d) two refracting single facet layers 132
{prisms); (e} a top surface redirecting layer for the wedge layer 12 having
a refracting single facet layer 134 with a curved output surface 136 for

- focusing. A bottom surface 138 includes a redirecting layer for refracting
and internally reflecting light using a faceted layer 140; facet angles are
varied with position to focus output light 142 at F; () a top surface
redirecting layer 144 comprised of a refracting faceted layer 146 and 2
bottom redirecting Jayer comprised of a refracting/internally reflecting
fayer 148 with parrow angle output for the light, and a diffuser layer 150
can be added to smoothly broaden the light output angular distribution;
(2) a top surface redirecting layer of refracting/internally reflecting

. faceted layer 152 with refracting surfaces 154 convexdy curved to
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broaden the output angular distribution; the facet angles can be varied
with position and thereby selectively direct the light output angular cones
to create a preferred viewing region at 8 finite distance; this arrangement
can further include a transverse lenticular diffuser 156 to diffuse
nonuniformities not removed by the curved facet layer 152; the bottom
redirecting layer comprises a refracting/internally reflecting faceted layer
158 with a reflecting surface 160 being concavely curved to broaden the
light ontput angular distribution in a controlled manner; (h) a top
redirecting layer, including a refracting faceted layer 162 with curved
facets 164 to broaden the output angular distribution in a controlled
manner aud to improve uniformity; a bottom redirecting layer, including a
refracting/imternally-reflecting faccted layer 166 with flat facets 168 for
narrow-angle output, with facet geometry varied with position to focus
output light at a finite distance; a parallel lenticular diffuser 170 can be
used to smoothly broaden the ontput angular distribution in a controlled
manner and to improve uniformity; the transparent image shown in
phantom can be printed on or adhesively based {o a lenticular diffuser; a
transverse lenticular diffuser 172 is used to diffuse non-uniformities not
removed by the paraliel lenticular diffuser 170, The combination of a
focused flat-faceted layer 166 and the diffuser 170 cooperate to create a
preferred viewing zone at a finite distance, similar to using focused
curved facets. Also shown is an LCD component 173 (in phantom)
usable with this and any other form of the device 10 for illumination
purposes.

In other architectures, one transmissive and one reflective
redirecting layer can be combined. These are combinations of reflective
redirecting layers with the various types of transmissive redirecting layers
discussed above. Reflective redirecting layers can be specular, partially '
diffuse, diffuse, faceted or any combination thereof. These architectures
are preferred when light emission is desired from one side only, or in
some cases when minimum cost is paramount. Examples of such
architectures are in FIG. 12: (i) a bottom surface specular reflector 174
combined with a top layer transmission diffraction grating or transmission
hologram 176; (§) a bottom surface specular reflector 178 combined with
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a top surface refracting faceted layer 180, with a diffuser 182 (shown in
phantom in FIG. 12J and an intervening image-forming layer 171; (k) &
bottom layer specular reflector 184 with a top layer refracting/internally-
reflecting faceted layer 186, with facet geometry being varied with
position to focus output light at a finite distance; a diffuser 188 is shown
in phantom; (1) a bottom layer specular reflector 190 with a top layer
refracting/internally-reflecting faceted layer 192, and curved facets 194
are used to smoothly broaden the angular ontput of light in a controlied
manner and to improve uniformity, The thickness of the wedge layer 12
and of both top and bottom surface low-index layers 196 (¢.g.. air gaps)
are varied to influence the light output spatial distribution; (m) a bottom
reflector 198 is partially specular, partially diffuse to improve uniformity,;
FIG. 12M shows the initial reflector section made controllably diffuse by
addition of an integral lenticular diffuser 200; the diffuser 200 is designed
to selectively reduce nonuniformities which would otherwise appear in
the output near the thicker end, and running in the general direction of the
y-axis; also included is a top redirecting layer 202 which is
refracting/internally-reflecting and has a reflecting surface which is
curved; and (n) a bottom reflector layer 204 which is partially specular,
partially diffuse to improve uniformity; FIG. 12N shows the initial
reflector section 206 which is slightly roughened to reduce speculanity,
and thereby selectively reduces nonuniformities which would otherwise
appear in the output near thicker end 208; a top redirecting layer 210 is
used which is refracting/internallv-reflecting with a flat-faceted layer 212,
and the facet geometry is varied to redirect light from each facettoa
common focus at finite distance; a transverse lenticular diffuser 213 is
shown in phantom; a paralle! lenticular diffuser 214 is used to smoothly
broaden the output angular distribution in a controlled manner, converting
the focal zone of the flat-faceted layer 212 to a wider preferred viewing
zone; the lenticular diffuser 213 also improves uniformity; an LCD
display 216 or other transparent image is show in phantom; {0} in a
preferred embodiment an eccentric coupler 218 uses a uniformity-
enhancing lenticular diffuser 220 shown in phantom in FIG. 120. A
converging tapered section 222 or CPC (integral to the wedge layer)
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transforms the output angular distribution to match more closely the input
N.A. of the wedge layer 12. The wedpe layer 12 thickuness is smoothly
varied to influence output spatial distribution and improve uniformity; a
bottom redirecting layer 224 15 a specular or partially diffuse reflector; a
top redirecting layer 226 is a refracting/internally-reflecting faceted layer
228 with reflecting surfaces 230 convexly curved to smoothly broaden
output angle in a controllable manner; facet geometry is varied with
position fo selectively dircet the angular cone of light from each face to
create a preferred viewing zone 232 at a finite distance; a transverse
lenticular diffuser 234 is shown in phantom; an LCD display 236 or other
fransparent image is also shown in phantom; the more converging N.A -
matching section is advantageous in combination with the faceted
redirecting layers, because the redirecting and low-index layers do not
- need to overly the more converging section, therefore, the input aperture

{and thus efficiency) of the device 10 ig increased with minimum increase
m total thickness of the device; {p) another preferred embodiment for
LCD backlighting uses an eccentric coupler with 2 uniformity-enhancing
diffuser shown in phantom in FIG. 12P; a converging half-tapered section
240 or half-CPC (integral to the wedge layer 12) transforms a coupler
output angular distribution to match more closely the input N.A. of the
wedge layer 12, A diffuser 239 (ixi phantom) can also be interposed
between light source 217 and the wedge layer 12. The sufficiently
truncated half~CPC 240 1s just a simple tapered section. A bottom
reflector 242 which 1s partially specular, partially diffuse is used to
improve uniformuity; FIG. 12P further shows an initial reflector section

© 244 which is slightly roughened to reduce specularity, or alternatively
shaped into a series of parallel reflective grooves, which thereby
selectively reduces nonuniformities which would otherwise appear in the
output near the thicker end; a top redirecting layer 246 1s a
refracting/internally-reflecting faceted layer 248, with refracting surfaces
250 convexly curved to smoothly broaden output angle in a controllable
manner; facet geometry is varied with position to selectively direct

~ angular cones of light from each facet to create a preferred viewing zone
at a finite distance; a transverse lenticular diffuser 252 is shownin
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phantom. Also included is an LCD display 254 or other transparent
image shown in phantom.

The more converging N A -matching section (such as half tapered
section 240) is advantageous in combination with the faceted redireching
layers, because the redirecting and Jow-index layers do not need to overly
the more converging section; therefore, the light-accepting aperture of the
device 10 is increased without increasing the total thickness. The
advantage is also conferred by the fully-tapered section 222 shown in
FIG. 120; but in comparison the half-tapered section 240 in FIG. 12P
provides greater thickness reduction on one side, at the expense of being
longer in the direction of taper for equivalent N A -matching effect. It
can be desirable to concentrate the thickness reduction to one side as
shown, because the top surface low-index layer can be made thicker to
improve uniformity. This configuration can be more easily manufactured
becanse the bottom reflector layer can be integral to the coupler reflector
cavity, without need to bend a reflective film around a corner; (g) a
bottom specular or diffusely reflecting layer 256 can be combined with
single-facet refracting top layer 258 in yet another embodiment {see FIG.
12Q); and (r) in cases for interior lighting usage, a bimodal "bat-wing”
angular light distribution 260 is preferred; in FIG. 12R is shown a top
refracting layer 262 with facets 264 and has a curved front surface 266 to
smoothly broaden angular output and improve uniformity, with output
light directed primarily into a forward quadrant; a bottom reflecting
layer 268 reflects light primarily through a back surface of a top
redirecting layer, with output directed substantially into a backwards
quadrant, : '
As understood in the art the various elements shown in the figures
can be utilized with combinations of elements in tapered luminaire
devices. Examples of two such combination geometries are shown in
FIGS. 13 and 14, each figure also including features specific to the
geometry shown. As illustrated in FIG. 13, two wedges 276 can be
combined and formed integrally. This combination can provide higher
brightness than a single wedge having the same extent because it permits
two light sources to supply light to the same total area. While brightness
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is increased for this device, efficiency is similar because two sources also
require twice as much power as one source. A redirecting film 272 with
facets 274 can be a single, symmetric design which accepts light from
both directions as shown. Alternatively, the redirecting film 272 can have
a different design for each wing of the butterfly.

In FIG. 14 is shown a three dimensional rendition of a tapered disk
270, such as shown in FIG. 5, and is sectioned to show the appearance of
the various layers. A faceted redirecting layer 280 comprises concentric
circular facets 282 overlying a tapered light-pipe portion 284, Directly
over a light source 288, overlying the gap at the axis of the light-pipe
portion 284, the redirecting layer 280 takes the form of a lens {(a Fresnel
lens 280 is shown, for example). Directly below the light source 288 is a
reflector 290 positioned to prevent light from escaping and to redirect the
light into the light-pipe portion 284 or through the lens. At least one
opening 1s provided in the reflector to permit passage of elements, such as
wires or light-pipes.
Use of Imaging or Colored Lavers

All embodiments of the invention can incorporate one or more
layers which have variable transmission to form an image, or which
impart color to at least a portion of the angular output. The image-
forming layer can include a static image, such as a conventional
transparent display, or a selectively controlled tmage, such as a hiquid
crystal display, The image-forming or color-imparting layer can overlay
one of the redirecting lavers, or alternatively it can comprise an
intermediate layer between one of the low-index layers and the associated
redirecting layer, or an internal component of a redirecting layer. For
example, overlying image-forming layers 129 are shown in phantom in
FIGS. 12C and 12G. Examples of an internal image-forming iayer 171
are shown in FIGS, 12H and 121

In one preferred embodiment, the image-forming layer {suah as
129 and 170) is a polymer-dispersed liguid crystal (PDLC) layer. By
proper arrangement of the layers, the image or color may be projected
from the device within selected portions of the output angular
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distribution. The image or selected color can be substantially absent in
the remaining portions of the output angular distribution, .
Bi-modal Reflective Wedge for LCD Panel Humination

In some applications it is desired fo illuminate a single LCD panel \
selectively with either ambient light or by active back-lighting. In these
applications ambient illumination is selected in well-lit environments in
order to minimize power consumption by the display. When available
environmental illumination 1s too low to provide adequate display guality,
then active backlighting is selected, This selective bi-modal operating
mode requires a back-1llamination unit which can efficiently backlight the
LCD in active mode, and efficiently reflect ambient light in the
alternative ambient mode.

The most widespread prior art bi-modal liquid crystal display is
the "transflective display” 101, such as is shown in FIG. 16B. This
approach uses a conventional backlight 102 and a transmissive LCD
panel 103, with an intervening layer 104 which is partially reflective and
partially transmissive. In order to achieve adequate ambient mode
performance, it is typically necessary for the intervening layer 104 to be
80-90% reflective. The resulting low transmissivity makes the
transflective display 101 inefficient in the active mode of operation.

Another embodiment of the invention is shown in FIG. 17. This
embodiment outperforms prior art transflective displays in the active
mode, and demonstrates comparable performance in the ambient mode.
In this embodiment the wedge layer 12 (index = ny) having the bottom
surface 16 is coupled to a transparent layer 28 of index ny <nj, which
can be an air gap. The ny layer is coupled to a partially diffuse reflector
layer 105, This reflector layer 105 is, for example; preferably similar to
the reflectors used in conventional LCD panels used in ambient mode
only, as shown in FIG. 16A. Overlaying the wedge layer top surface 14
is a faceted redirecting layer 106, such as a lenticular diffuser with micro «
lenses approximately parallel to the y-axis. A hquid crystal display
panel 107 overlays the faceted redirecting layer 106. The back surface 20 «
of the wedge layer 12 is coupled to the light source 22, o
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The lenticular redirecting layer 106 and the wedge-layer 12 are
substantially transparent to the incident and reflective Light, so thatin
ambient mode the device 10 operates in a manner similar to conventional
ambient-mode-only displays. When an active mode is selected, the light
soarce 22 is activated, and the multiple Jayers act to spread the light
substantially uniformly over the device 10 by virtue of the relationship
between the indices of refraction and convergence angles of the layers, as
described before. The resulting uniform iltumination is emitted through
the top surface 14 of the wedge layer 12. In a preferred embodiment, the
reflector layer 105 is nearly specular in order to maximize ambient-mode
performance. In this preferred embodiment the light emitted from the top
surface is emitted largely at grazing angles, unsuitable for transmission by
the LCD display panel 107, The redirecting layer 106 redirects a fraction
of this light by a combination of refraction and total internal reflection, as
described hereinbefore. The redirecting layer 106 is preferably designed
such that at least 10-20% of the light is redirected into angles less than 30
degrees from the LCD normal, because typically the LCD transmission is
highest in this angular range. It is sufficient to direct only a fraction of
the back-illumination into suitable angles, because the prior art
wransflective display is quite inefficient in the active mode of operation.
Processing Polarized Light

In another aspect of the invention, the light being processed by the
optical device 10 has an inherent polarization (such as, linear, circular
and elliptical) that can be used to advantage in improving the illumination
from a liquid crystal display ("LCD") system or other output which
depends on using polarized light. In a system which employs an LCD, it

. is mecessary to remove one type of polarized light 308 and pass to the

LCD layer only the other type of polarized light. For example in FIG, 30
a conventional polarization layer 312 preferentially absorbs one
polarization of light amounting to about one-half the input light from light
source 306, with the preferred polarization light being transmitted to LCD
layer 316. The polarized light of the proper polarization is processed by
the liguid crystals and a second polarizer 314 in the desired manner to
préi'ide the displayed feature of interest. In such a conventional system
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about half the light from the light source is “unwanted” and thus is lost
for purposes of providing an LCD output of interest. Consequently, ifa ,
means could be found to utilize both types of polarized light (not
removing light of an unwanted polarization), a substantial gain in
efficiency and brightness can result for the liquid crystal display. The
subject invention is directed in part to that end, and the following
embodiments are preferred structures and methods for accomplishing that
goal.
In the most general explanation of a polarization filter, referring to

FIG. 308, the function of a polarization filter layer 307 is to take the
input light 308 consisting of two polarization states of type 1 and 2 and
create transmitted light 309 consisting of polarization states 3 and 4 and

- reflected light 311 consisting of polarization states 5 and 6. This can be
related to our specific references hereinafter to a "first” and "second”
state as “states” 1,3 and 3 gs the "first polarization light 218" and 2,4 and
& as the "second polarization" light 220. Thus, we assume that the form
of states 3 and 5 are chosen so that they alone specify the light that is
transmitted and reflected due to the light portion incident in polarization
state I, and let states 4 and 6 be associated with polarization state 2.
However, the form of the polarization states need not be related in any
more specific way. For some range of incident angles over some spectral
wavelength range and for some specific selection of input polarization =
states, the polarization filter layer 307 processes the input light 308 and
produces output light 309 with a specific total power relationship. If we
define the powers (P;) in each of the polarization states (i, where
1=1,2,3,4,5,6), the condition is:

A A
R R
By definition, any layer which exhibits the above characteristics .
over a suitable angular and spectral range is a form of the polarization
filter layer 307, Generally, the polarization states considered can be of
arbitrary type such as linear, circular, or elliptical. In later sections we
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will quantify the performance of the polarization filter layer 307 by a
degree of polarization (P7) defined as:

2%-—":2; "Eg
Ty+T,
where
B . P
L= T,=-%
3 l 41 2

_ For lossless layers, the transmiftance is related to the reflectance, R, by

Ly=1-R, Ty =1~ Ry
where
Ry =R/ Ryand R, = R I R,

There are a variety of implementations of a layer medinm which
has the properties described above for the polarization filter layer 307.
These include, but are not restricted to, implementations containing one
or more of the following types of layers: (1) thin-film layers produced by
coating, extrusion, or some other process which are either non-
birefringent or birefringent and are designed to operate as optical
interference coatings; (2) "thick” film layers which are more than a single
quarter wavelength optically thick somewhere in the spectral band of
interest and may be produced by stacking, coating, extrusion, lamination,
or some other process and are designed to operate as a Brewster Stack
even when the angles and indexes do not exactly match the Brewster
angle conditions; (3} a combination of the thin-film and thick film
approaches; (4) correlated, partially correlated, or uncorrelated surface .
roughness or profile which résults in polarization dependent scattering
and produced by any method including etching, embossing, micro-
machining, or other method; (5) and layers based on dichroic material. In
general, an aggregate layer formed by one or more the above layer types
15 a suitable form of the polarization filter layer 307 layer if it satisfies the
general functional specifications described above for polarization filter
layers.
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The implementations of the polarization filter layer 307 can
consist of either thin-film or thick-film birefringent or non-birefringent
layers. Particular examples and discussion of birefringent layers will be
provided in a labeled subsection presented hereinafter.

One example embodiment of a thick film form of the polarization
filter layer 307 is based on a specific design center wavelength (3o) and a
specific design operating angle (Bjn0) as shown in FIG. 30C and based on
isotropic planar layers. Layers 313 in this design example consist of two
types of alternating layers, called high (H) layer 314 and low (L) layer
315 of optical refractive index ngy and ny, respectively. From Snell’s law,
we know the angle with respect to the surface normals (8 ,8jy) at which
the light 317 are traveling in any of the layer 313 in terms of the
refractive indexes of the layers (njnc, n1., nyy) if we know the incidence
angle. This implies:

nﬁn@ Sin 9tm= = nl. Sin gb

;e SN G, = Ry, Si0 G

For p-polarized form of the light 317 incident on an interface between
two optically isotropic regions, there is an angle called the Brewster's
Angle at which the reflectivity of the imterface is zero. This angle

measured to the surface normal (g1, OLAD is:

B

tﬂﬂﬁgm —-—-—

Py

tan &, , =2
LiKH

n,

The reflectivity of the interfaces to s-polarized light at Brewster's Angle
can be significant. The layers 313 which preferentially transmits the p-
polarization state is designed by spacing these interfaces by quarter-wave
optical thicknesses. Such guarter wavelength thicknesses (11 , tyy) are
givenby:
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A
lf- TR sennnnnconencionsnoneoeon
4n, cos b
A,
IH o . W
4ny, cosél,

One can show that the H and L indexes of refraction are related by the
design equation:

\1’
n .
2 («*’-’ﬂ sin 8,
(n,_) e
= 3
Ry n .
I—(-ﬁ} sin? 6,
By

As an example, consider the specific case of
n, =15n . =10,6, =80°,4, =500mm.
This implies that the design index of refraction of the low index laver and
the physical thicknesses of the low and high index layers 314 and 315
should be respectively n =1.,31,1; =145 nm, t13=110om. These can be
achieved by using sputtered glass and vacuum deposited lithium chloride
for nyy = 1.5 and ny, = 1.31, respectively. Assuming that the designis a
matched design as in FIG. 30C, with the layers 313 surrounded by an
index of refraction of 1.5, the reflectivity can be easily calculated with the
well-known Rouard's Method. This matching assumption is quite general
as the outer surfaces could always be anti-reflection coated. The
reflectivity for a variety of basic layer counts for the layers 313 is shown

in Table 1 below:

Table 1. Performance data for the polarization filter layer 307
Laver Count - | s-Reflectivity Pr

i : 0,065 0.036
5 0.45 0.29
11 0.85 0.75
15 0.95 (.90
21 0.99 0.98

o There are a variety of similar alternative designs. More than a
single refractive index may be used as part of the thin-film structure of
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the layers 313. The surrounding layers need not be air and the exact
number of low and high index layers is variable. The carrier or substrate
could have other refractive index values. The layers 313 can be varied
from their quarter-wave thickness at the design angle and the wavelength .
so as to improve spectral and angular bandwidths. In fact, the operability
of the layers 313 can be quite broad band and the Brewster angle design
does not have to be followed with great precision in index and angle. For
example, you can trade off s-reflectivity with p-transmission by changing
refractive indexes. The whole systom can be flipped without changing its
function.

A variety of preferred embodiments include at least two layers of
different indices. Such arrangements have the nyj and nj such that
npy/ng > 1.15 in order to minimize the number of layers required for high
polarization selectivity., Further, optical interference is most preferably
used to enhance performance by using at least one layer with index n and
thickness t such that 50nm/ {n? - 1)¥? <1 <350nm/(n? - 1)¥2. This
relationship derives from the equations provided hereinbefore regarding
11 and 1, by noting that the wavelength is in the vistble light range 400
nm to 700 nm, that the incident light is near the critical angle so that n sin
8 = 1 and optical interference effects are promoted by layers with an
optical thickness between 1/8 and 1/2 of the light wavelength. Materials
and methods for fabricating such layers are well-known in the art of
multi-layer dielectric coatings.

The Brewster Stack approach is similar to the thin-film approach
described sbove except that the layers are many wavelengths thick and

- tend to function largely on the basis of the incoherent addition of the
" waves rather than the coherent effect that occurs in optical interference
coatings. The design of this form of the polarization filter layer 307 is the
same as the design of the thin-filw polarizer described above except that
layer thicknesses are not important as long as they are at least several ~
wavelengths thick optically. The lack of optical thickness effects
suggests that the performance of the Brewster Stack implementation
- should generally be less sensitive to speciral wavelength and angular
variations. The transmission ratio defined in terms of the transmission of
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the s and p polarized light (T, Tp) of the set of N layer pairs in the
geometry of FIG. 30D can be estimated using the approximate formula:

4(n,’ -1)
4

y ~

]1.%’

The results of applying this formula to a geometry with varying numbers
of layer pairs {s shown in Table 2 below:

Table 2. Performance data for a Brewster Stack Form of the Filter Layer 307
Laver Pairs /T B Pr
| 1 0.9755 -
20 061 -
50 0.29 0.53
100 1 0.08 0.85

Generally speaking, this type of the polarization filter layer 307 requires
much Jarger index differences and many more layers for the same
reflectivities. There is no sharp dividing line between the thin-film
design and the Brewster stack approach. As thickness increases,
coherence effects slowly decrease and beyond some point which is
dependent on the spectral bandwidth of the light signal, the coherence
effects become small compared to incoberent effects. These examples
described herein are simply the extreme of cases of the coherent and

incoherent situations,

In FIG. 19 are shown variations on one form of a polarized ligh
- luminaire system 204. In particular, in FIG. 19B, the system 204 includes
a base layer 206 having a wedge-shaped, cross-sectional area with optical
‘index of refraction ny, aud a first surface 208 and second surface 210
converging to define at least one angle of inclination . The base
layer 206 further includes a back surface 211 spanning the first
 surface 208 and the second surface 210. Light 212 injected by a source
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{not shown) through the back surface 211 reflects from the first and
second surfaces and exits the base layer 206 when the light 212 decreases
its angle of incidence relative to a normal 1o the first and second surfaces
with each reflection from the surfaces 208 and 210 until the angle is less
than a critical angle 8, characteristic of an interface between the base
layer 206 and a first layer means, such as a layer 214, This layer 214
inctudes at {east a layer portion having index ny less than ny disposed
beyond the second surface 210 relative to the base layer 206, The first
layer 214 enables the light 212 to enter the first laver 214 aftex output
from the base layer 206 when the light 212 in the base layer 206 achieves
the angle of incidence less than the critical angle 8, characteristic of an
interface between the base layer 206 and the layer portion having index
ny in the layer 214,

The system 204 also includes a layer means for preferential
processing of polarized light of one state relative to another state, such as
a polarization filter layer 216 (see previous generic description of the
polarization filter layer 307). In addition to the samples described for the
filter layer 307, a further example of the polarization filter layer 216 is a
birefringent material which will be described hereinafter in the context of
particular embodiments in a separate subsection. In FIG. 19, the injected
hight 212 mcludes light 218 of a first polarization and light 220 of &
second polarization. The filter layer 216 then interacts with the light 212
to preferably output the light 218 of a first polarization state compared to
the light 220 of a second polanization state. This filter layer 216 is
disposed beyond the second surface 210 relative to the base layer 206,
and this filter layer 216 is also able to reflect at least part of the light 220.
This reflected light 220 is then transmitted through both the first
layer 214 and the base layer 206 and into a medium 207 having index n3
(such as air). The light 218 on the other hand is output from the
system 204 on the side of the base layer 206 having the polarization filter -
layer 216. In FIG. 19B, the light 218 1s shown being output into a
media 221 baving index ng. In this embodiment in FIG. 19B, the
relationship among indices is: '

#2220, and

Microsoft Exhibit 1002 - Page 2106
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



WO 9527918 PCT/USIS/04424

51

arcsin (n, / 0}~ 2@ < arcsin {n; /) < aresin {(m, /1 n )+ 20 (9)
In this preferred embodiment n, and n, can be air layers with “n" being
approximately one.

This same index relationship can apply to FIG, 19A whichis s
variation on FIG. 19B, but the first layer 214 of index ny is disposed
further from the base layer 206 than the polarization filter layer 216, In
the embodiment of FIG. 19B, the first layer 214 is closer to the base
layer 206 than the polarization filter layer 216,

In another embodiment shown in FIG, 19C, the indices are such
that Equation {10) below is followed and this results in the light 220 of
second polarization state continuing to undergo internal reflection, rather
than exiting through the first surface 208 as shown in FIGS. 19A and
19B. The angle of incidence made relative to the polarization filter layer
216 decreases with each cyclic reflection. The index n3 can thus be made
small enough such that the light 220 will decrease its angle beyond the
range where the filter layer 216 exhibits its preferred reflectivity of the
light 220, Consequently, at least part of the light 220 can pass through
the second surface 210, but is separated in angle of output relative to the
light 218 of first polarization state. In the embodiment of FIG. 19C the
indices have the following relationship:

ng 2 n, and arcsin (7, /1) < aresin (n; /1)~ 4P (10)

The polarization filter layer 216 most preferably outputs the
light 218 and reflects the light 220 when the angle of incidence is greater
than:

8, = arcsin{1-4®((n, / n, )? ~ 17} - an
When light is incident at angles less than 6p, the filter layer 216 can
therefore be substantially transparent to light of both polarization states
{i.e., the light 218 and the light 220).

In another embodiment of the invention shown in, for zyample,
FIGS. 20A-C, the system 204 includes light redirecting means, such as a
light reflector layer 222 i FIG. 20A, or more generically, a light
redirecting layer 224 as shown in FIGS. 20B and 20C. In general for the

- inventions of the device 10 (system 204 in FIG. 20), we can define light
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redirecting means in terms of the propagation directions of light rays
incident on, and departing from, the light redirecting layer 224, Consider -
the case of a light ray propagating parallel to a unit vector in an optical
medium having an index of refraction ny. If & is a unit vector
perpendicular to the redirecting layer 224 at the point of light ray
incidence and directed away from the redirecting fayer 224 toward the
stde from which the incident light ray originates, then the incident light
ray interacts with the light redirecting layer 224 to produce light rays
which depart from the region of interaction. If the departing light rays
propagate paraliel to a distribution of unit vectors 7, in an optical medium
having index of refraction n;, then light redirecting means includes any
layer which processes the incident light ray such that the departing light
ray has one of the following properties with respect to incident light rays
throughout the operative angular range’
(1}  m(F x%)isnot equal to n(Fxi)
for at least 25% of the departing light rays; (12)
(2} F =F-2(0-F) for atleast 90% of the departing light rays. (13)
The light redirecting layer 224 can redirect light according to
condition (1) in Equation (12) if (a) the light interacts with optical
surfaces which are rough, (b) if the light interacts with optical surfaces
which have a different slope from the incident surface, or (¢} if the
redirecting layer 224 diffracts the light into appropriate angles. For
example, light redirecting means according to condition {1} may be any
combination of transmissive or reflective, diffusive or non-diffusive, and
prismatic or textured layer. In addition, the light redirecting means can
- be a diffraction grating, a hologram, or albina'rjf optics laver.
A hight redirecting means which redirects light in accordance with
condition (2) of Equation {13) is a specular reflector. Examples of sucha

specular reflector can be a metallic coating (e.g., the light reflector layer .
222 in FIG. 20A can be a metallic coating), a multi-laver diclectric
coating or a combination of these. In each case, the internal and external ¥

sm‘faces are preferably smooth and mutually parallel.
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In FIG. 20A one of the preferred embodiments mcludes light
refiecting, redirecting means in the form of the reflector layer 222 which
reflects the light 220, The reflector layer 222 is disposed beyond, or
underlying, the first surface 208 of the base layer 206 and preferably is a
flat, specular reflector, such as a metallic coating. Also shown is an
intervening layer 223 of index n3 disposed between the base layer 206
and the reflector layer 222, This intervening layer 223 can be considered
to be part of the base layer 206, or a separate layer, depending on the
functional interaction between the base layer 206 and the intervening
layer 223. The index of refraction n3 of this intervening layer 223 can be
adjusted to controllably affect the resulting spatial and angular
distribution of the light 212 after encountering the layer 223,

As can be seen, for example, in FIGS. 20B and 20C the light
redirecting layer 224 can be positioned at different locations, and each
layer 224 can also have different characteristics enabling achievement of
different light output characteristics as needed for a particular application.
Further examples of light redirecting means and uses, as well as specific
embodiments, are illustrated in the remaining figures and will be
described in detail hereinafter, ‘

In another embodiment of the polarized light lumingire
svstem 204, hight converting means is included and is illustrated as a
polarization converting layer 226 in FIGS. 21 and 22, for example. In
these illustrated embodiments, the indices have ng 2 np and the
conditions of Equation (9) must in general be met. In these embodiments,
a light converting means includes a layer which changes at least part of
one polarization state (such as the light 220) to another polarization state
(such as the light 218, or even light 227 of a third polarization state,
which can be, for example, a combination of the first and second state}.

The polarization converting layer 226 has the function of changing
the polarization state to another state, such as rotating polarization by 90°
{n/2). Moreover, such conversion is most preferably done for obligue
incidence, As one gxample we describe the nature of such conversion for
a uniaxial birefringent material where the index of refraction
perpendicufar to the optic axis is independent of direction. Many
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preferred materials, such as stretched fluoropolymer films are of this type.
More general birefringent matexials where the index of refraction is
different in all directions can also be used following the general methods
described herein. To understand the polarization conversion process, we
first review the case for normal incidence.

As shown in FIG. 30E, a plate 229 of birefringent material has its
transverse axis along vector K and the optic axis is along vector I (see
vectors in FIG. 30F). For a stretched birefringent film, the direction of
stretch would be along vector I Vectors 1, J, K are an orthogonal triad of
unit vectors along the x,y,z axes. For normal incidence, the wave normal
is along vector K. We can describe the polarization of the
electromagnetic wave by its displacement vector D. Let D' be the

 polarization of the ordinary ray, and D" the polarization of the
extraordinary ray. Let n' be the ordinary index of refraction, and let n” be
the extraordinary index of refraction, We can orient the optic axis of the
birefringent plate 229 so that it makes an angle of 45° (n/4) to the
incident polarization vector Dg. This vector has two components
Dox=(1/N2)Dgcos wt and Doy=(1/¥2)Dgcos ot. Upon emerging from
the birefringent plate 229, the D vector has components Dox=(1/v
2)Dgeos (t-3") and Dgy=(1/¥2)Dgcos (0t-8), where §' = 2n/A)n'h and
3"=2n/A)n"h, where h is the plate thickness, Hence the phase difference
introduced is 5+8” = | (2n/A)n"-n') | h. In particular, if the emergent light
has polarization vector D at right angles to the intial polarization vector
DY, we need §-8"=x (or more generally 8'-8"=(2m+1)x, where m is any
integer). This means the thickness h should be chosen as b={ (2m+1y/(n"-
n’) faz2. 3

, In summary, we choose the thickness h in accordance with the

above relation and orient the optic axis at 45° to the incident polarization.
In & preferred form of the invention such as in FIG. 26B, the light
traverses the converting layer 226 birefringent plate 229 twice, so that the
actual thickness should be one-half of that specified above. Inother
words, the thickness is the well known A4 plate. Any reflections from a
metallic mirror 231 introduces an additional phase shift of approximately
7 to both components and does not change the conclusions.
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In an embodiment wherein the light has oblique incidence with the
converting layer 226 (see FIG. 26B), it is first necessary to show that
splitting of the incident beam into two beams (the well-kmown
birefringent effect) does not cause difficulties. The reason this is not s
problem is that the two beams emerge parallel to the initial direction, but
slightly displaced from one another. The two beams are coherent with
each other and the displacement is <A. The angular splitting is
Af=tan @ An/n where B, is the critical angle and
An=(n"-wn={n"+n')/2. The displacement is
~hAB{cos @, = hAn!ntan 8, /cos 8. But, we will choose
hAn/cos= A/ 4, so automatically the displacement 1s <0, and the two
light beams can be treated as one. :

The geometry of oblique incidence on a uniaxial form of the
birefringent plate 229 is somewhat complicated, and thus to simplify
matters, we introduce the Eulerian angles as shown in FIG. 30F. The
relations between the (1,i.k) vector triad and the (LJ,K) ventor triad can be

read from Table 3.
TABLE 3
1 |~sin¢siny cos ¢ sin | sin 8 cos v
-+ 05 0 cos § cos W +¢0s § sin ¢ cos ‘
i {-sindcosy cospcosy-cosOsing |sinBsiny
- c08 $ ¢os 8 sin v sin !
k {sin@cos¢ sin O sin ¢ cos &

~ Let the normal to the air/plate interface = K, the direction of the incident
wave normal = k, and the optic axis of the plate 229 =1. We wish to
rotate the incident polarization Dg by 90°, Since the incident polarization
Dy is in the interface plane, it is consistent to let Dg be along ig so that y
o =n/2. The polarization I’ of the ordinary ray is perpendicular to both I
and k. Therefore, let D' be along i'. Now i'y = 0. From Table 3 we
conclude that tany'=cotd cos8. The polanization of the extraordinary ray.
D" is perpendicular to both D' and k. Therefore, y"=y4tn/2. We choose
yegtenf2, and then tan " = tand/cos0. To achieve the desimdnutput,
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we can appropriately orient the birefringent plate 229. Just as in the
normal incidence case, we let yig to be at 45° to the D' and D” directions.
Therefore, we chose y'=r/2, and then tand=cosB. For a typical case,
where 0 is close to O = 40°, ¢ ~37°. In practice, for a range of incidence
angles and wavelengths one would readily adjust $ experimentally to get
the most complete polarization conversion, using the above formulae as a
starting point and guide. We next determine the thickness, b, of the
birefringent plate 229, As in the case of normal incidence, the condition
is: h=|{(2m+ 1)/ (n"~n')|A/2. However, the extraordinary index of
refraction n” now depends on the angle of incidence 8 and must be read
off the index ellipsoid: (1/#")? = (1/n,)*sin? 8+ (1/n )2 cos? § where
ng is the ordinary index of refraction and ng 1s the extraordinary index of
refraction. Also note that n'=ny. Typically, the index of refraction
differences are small, <0.1 and approximately, (n"~#') = (5, ~n,)cos? &.
in addition, the light path length for oblique incidence is greater than that
for normal incidence. The length h for obligue incidence is greater than
-the thickness of the plate 229 by a factor of 1/cos 8. Therefore, since the
effective index difference is reduced by ¢0s28, but the path length is
mcreased by Veos 8, it follows that the thickness required for oblique
incidence is larger than for normal incidence by = 1/cos 8. In practice,
for a range of incidence angles and wavelengths one would adjust h
experimentally to obtain the most complete polarization conversion, In
practice, for a range of incidence angels and wavelengths, one can adjust
¢ experimentally to obtain the most complete polarization conversion,
using the above formulae as a starting point and guide.

In another example embodiment, the conversion of light of one
polarization into another polarization state can be considered as involving
three steps: (1) separation of different polarization states into ’ '
substantially distinct beams at every point on the system 204, (2)
polarization conversion without affecting the desired polarization and (3}
light diffusion into an appropriate angular distribution without
depolarization of the light output. .
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As described herein, a variety of methods can be used to separate
the different polarization states in the system 204. For example, the low
index layer 214 can be birefringent, as shown, for example, in
FIGS. 31A-C. The layer 214 can be, for example, an oriented
fluoropolymer convertor layer which creates two light beams 218 and 220
of orthogonal polarization emerging from every point along the system
204. This can be used provided two conditions are met. The first
condition requires that the birefringence of the layer 214 is large enough
to significantly prevent substantial overlap between the two polarized
beams 218 and 220, This condition is summarized by Equations {15)-
{17) where C is at least 1 and preferably greater than 4. The second
condition is that the direction of birefringence ortentation {(direction of
stretch) of the first layer 214 is substantially parallel to the y axis,

For §=1-1.5 degrees, the birefringence must be at least 0.03-0.05
to satisfy Equations (15)-(17). Measurements of the bireﬁ*ingence of
various commercial fluoropolymer films vielded the following data
(average index, birefringence):

Tefzel 250 zh: (1.3961,0.054)

Tefzel 150 zm: {1.3979,0.046)

Teflon PFA 200 pm: (1.347,.030)

The wedge layer 206 laminated with the 250zh material produced
Jjust-separated polarized beams where even the Fresnel reflected parts did
not overlap.

In another embodiment, one can achieve even greater angular
separation of polarization by using a faceted redirecting layer comprised
of a highly birefringent material, ,

A third approach for separation of palan":atian states uses a sheet
of polymeric beam splitters consisting of an alternating structare of
birefringent/ ﬁ'ansparent layers 427 shown in FIG. 30G and H, Such an
array of the layers 427 can rest on top of a collimated backlight 428 and
polarizes by selective total internal reflection. The index of the film of
polymeric layers 429 parallel to the plane of light incidence is lower than
that of a transparent layer 430, and the index perpendicular to the plane
of light incidence is closely matched to the transparent layer 430, 5o that
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an incoming collimated light beam 431 from the backlight 428 (inclined
to the beam splitter layers 427) is split; the parallel polarized beam 431 is
totally internally reflected, but the perpendicular component is
transmitted.

One example of this arrangement can be Mylar/Lexan layers.
Mylar indexes are: {1.62752,1.6398,1.486). The Lexan index is; 1.586.
The complement of the critical angle is twenty degrees; therefore, the
beam splitter layer 427 will function as long as the complement of the
incidence angle is less than twenty degrees ( in the Lexan). However, at
glancing angles, Fresnel reflection causes reduction in the degree of
polarization. For example, for thirteen degrees the Fresnel reflected
perpendicular component is 9%.

Another example of this arrangement of the layer 427 is uniaxial
Nylon/Lexan. Nylon indexes are: (1.568,1.529,1 498). Here there are
two critical angles, the complements of which are nine and nineteen
degrees for perpendicular and parallel, respectively. So, the obliquity
must be inside this angular range for polarization to be operative, Taking
the same case for Fresnel reflection as for Mylar (thirtee degree angle),
the Fresnel reflected perpendicular component is only 5%, because the
index matching is better. '

For either of these examples, each beam splitter layer 427 needs to
have the appropriate aspect ratio such that all rays of the beam 431 have
exactly one interaction with the film/Lexan interface.

In one embodiment, once the light of different polarization states is
separated into two orthogonally polarized beams at every position along

- the backlight 428, there must be a means of converting the undesired
 polarization to the desired one, such as the polarization convertor laver
346 in FIG. 31C and 429 in FIG. 30G.
One method of performing the polarization conversion is by an

alternating waveplate combined with a lens or lens array. In the single .
lens method, 2 light beam 218 and 220 will fall upon lenses focused to
two nonoverlapping strips of light of orthogonal polarization at the focal ‘

-~ plane. The alternating wave plate acts to rotate the polarization of only
one of the beams (220) by ninety degrees, the emergent light will be
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completely converted to light 218, This can be effected by the presence
of a half-wave retarder placed to capture only the light 220 of one
polarization. This has been demonstrated visually with a large lens, a
plastic retardation plate, and Polaroid filters (Polaroid is a registered
trademark of Polaroid Corporation).

In 8 second approach using a lenticular array, one uses a thin sheet
of lenses and an alternating waveplate structure (with the frequency equal
to the lens frequency), where the retardation changes by 180 degrees for
cach lens. For a lenticular array 1 mm thick, each image can be of the
order of § thousandth of an inch in size so the registration of the
lenticular array with the waveplate would have fo be exact enough to
prevent stack-up errors of less than one thousandth of an inch.

Another method of performing the polarization conversion is by
use of a double Fresnel thombus ("DFR™) which is another embodiment
of a converting layer, such as the layer 346 in 31C and 427 in 30G, The
DFR avoids registration problems by selectively retarding according to
angle instead of position. Such a DFR causes the light of first
polarization state to suffer from total internal reflection events
corresponding to 4 x 45° = 180° of phase shift, while the other
polarization state light is only transmitted, so that the output light is
completely polarized to the light of first polarization in one plane in the
end. The DFR can be constructed, for example, by having four acrylic or
Lexan films each embossed with 45 degree prisms, all nested. For the
DFR to cause retardation the two orthogonal plane polarized beams L and
R {by a 1/4~wave plate). If the L is transmitted by the DFR then the R
beam will get converted to the L beam by the DFR, Finally the L beam is
converted to plane polarized by another 1/4-wave plate, the orientation of
which determines the final plane of polarization.

In a preferred embodiment shown in FIG. 214, the converting
layer 226 is disposed on the opposite side of the base layer 206 relative to
the polarization filter layer 216. In the embodiment of FIG. 21B, the -
converting layer 226 is disposed on the same side as the polarization filter
layer 216. As can be seen by reference fo FIGS. 21A and B, the
converting layer 226 can even convert the light 218 and 220 to the light
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of 227 of another third polarization state. This light 227 can be, for
example, the light of a third polarization state or even a variation on, or -
combinations of, the first or second polarization states discussed
hereinbefore. The resulting light polarization is dependent on the .
response characteristics of the converting layer 226. The converting layer
226 can therefore be designed to respond as needed to produce a light of
desired output polarization state; and in combination with appropriate
positioning of the layer 226, one can produce an output light in the
desired direction having the required polarization characteristics.

In another form of the invention illustrated in FIGS. 22A-E, the
converting layer 226 is utilized for other optical purposes. FIGS. 22, 23,
24 E-F, 25-27, 28A and C, and 29 all illustrate use of the converting laver
226 to change the light 220 of the second polarization state to the light
218 of the first polarization state. In addition, the elements of the
luminaire system 204 are arranged such that the light being processed will
pass through, or at least encounter, one or more of the polarization filter
layer 216 at least once after passing through the converting layer 226,

For example, in the case of processing the light 220, the arrangement of
elements enables return of the light 220 to pass through the polarization
filter layer 216 after passing through the converting layer 226. In some
instances, the light 220 can encounter the polarization filter layer 216 two
or more times before being output as the hight 218 of the first polarization
state. FIGS. 22A-E illustrate examples of a variety of constructions to
achieve a desired output. In FIG. 224, after the light 212 encounters the
polarizing filter layer 216, the reflected light 220 passes through the
converting layer 226, and is converted to the light 218. The light is then
returned to the polarization filter layer 216 via internal réﬂect:ioxi._ In
addition, in FIG. 22B, the light 220 also passes through the converting
layer 226, is converted to the light 218, and is then returned again to the
filter laver 216 after internal reflection. In these cases, n3 is low enough
such that the relationship among ny, np and n3 in Equation (10) is met,

In the embodiments of FIGS. 22C-E, a redirecting means in the .
form of the light reflector layer 222 is added to return the light 220 to the

- polarization filter layer 216, As described hereinbefore for the -
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embodiment of FIG. 20A, the intervening layer 223 has an index of
refraction n3 which can be adjusted to affect the spatial and angular
distribution of light encountering the layer 224. In a preferred form of the
invention shown in FIGS. 22C-E, the layers of index ny and n3 can
inchude air gaps, and in the most preferred form of the invention the
layers of index ny are air gaps.

FIGS. 24A-F illustrate a sequence of constructions starting with
use of one of the polarization filter layer 216 in FIG. 24A and contnuing
construction of more complex forms of the luminaire system 204, In
FIGS. 24C-F, there is added one or more of the light redirecting laver
224, at least one liquid crystal display ("LCD") layer 230 and light
matching means, such as a matching layer 232. The matching means acts
to convert the light output by the assembly of the other layersto a
particular polarization state preferred by a target device or additional
layer, such as the LCD layer 230. The matching layer 232 is thus a
special case of the converting layer 226

In FIGS. 23A-C are illustrated other forms of the polarized hight
luminaire system 204 in combination with the LCD layer 230. In one
general form of the embodiment of FIG. 234, a layer 234 is included. In
more particalar forms of the inventions, for example as in FIG. 23, the
preferred value of ny is about 1 (see, for example, FIGS. 23B and C). In
certain forms of FIG. 234, np>1 can also be utilized. Alternatively,
preferably choices for the relationship among indices of refraction are set
forth in Equation (9) and (10).

Further examples of preferred embodiments are shown in FIGS.
26A and B, and in FIG. 26A 1s included a cold cathode fluorescent tube
("CCFT") light source 236, This embodiment further includes an angle
transformer layer 238 which operates to change the angular distribution
of the light. This angle transformer layer 238 can, for example, change
the distribution in the xz-plane to control the spatial uniformity of light
output from the device 10. In the preferred embodiment, the distribution
of the output light 250 is substantially uniform in its spatial distribution
over at least 90% of the output surface. In addition, the angular
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distribution of the light 212 in the xz-plane is approximately #8,,« with
respect to the normal to the back surface 211, where

Z g +6w28, 27~8, (14)
2 2

and the back surface 211 is about perpendicular to at least one of the first
surface 208 and the second surface 210. The angle transformer layer 238
can be a tapered light-pipe section, a compound parabolic concentrator (a
"CPC"), a micro-prismatic film (FIG. 28C) a ronghened-surface layer, or
a hologram. The angle transformer layer 238 is most preferably optically
coupled to the base layer 206 without an intervening air gap. The angle
transformer layer 238 can also operate to change, and preferably natrow,
the light distribution in the yz-plane to improve brightness, LCD image
quality, and viewer privacy as well. In addition, in FIG. 26A, an output
diffuser layer 248 has been added before the LCD layer 230 to broaden
the engular distribution and enhance uniformity of output light 242
provided to the LCD layer 230,
' In another preferred embodiment of FIG. 268, a CPC 23% is
coupled to a light source 244 operating to help maintain output light 250
within the proper angular distribution in the xz plane. In addition, one
can control the range of angular output by use of a light redirecting
means, such as 2 prismatic redirecting layer, such as the layer 246, using
flat prismatic facets, such as the facets 247, See, for example, this type of
layer and prismatic facets in FIGS. 28C, D and E and FIGS. 26A and B
and the description in detail provided hereinafter. This embodiment as
shown in FIG. 28E refers to the prismatic layer 251 and facets 253, and

~ this embodiment also adds after the LCD layer 302 a light diffuser
layer 304 for broadening lght distribution in a specific plane. In a most
preferred form of this embodiment, for example, _shewn in FI1G. 28E, the
Yight 242 is directed to pass fhrough the LCD layer 302 within a narrow
angular range in the xz-plane. The elements of the luminaire system 204
are therefore constructed to assist in providing transmission of the light .
242 through the LCD layer 302 at an angle where the image forming
properties are optimized, With the diffuser layer 304 positioned on the
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other side of the LCD layer 302 relative to the base laver 206, the diffuser
layer 304 can broaden the angular distribution of viewer output light 250
without diffusing the light 250 in the xy-plane. For example, the diffuser
layer 304 can be a "parallel” diffuser which can take the form of a
holographic diffuser or lenticular diffuser with grooves substantially
parallel to the y-axis. Viewers at a wide range of angles can then see the
image which is characteristic of the optimal angle for the light 242 which
is subsequently transmitted through the LCD layer 302 to form the
light 250. Example configurations utilizing this form of general
construction are thus shown in FIGS. 28D and E and FIGS. 29A and B,
Further, FIGS. 28D and E and FIG. 29A also include a transverse diffuser
layer 252 which diffuses the output light 242 provided to the LCD layer
302 only in the xy-plane in order to improve uniformity without
broadening the distribution of the light 242 in the xz-plane . For
example, the transverse diffuser 252 can be a holographic diffuser ora
lenticular diffuser with grooves substantially parallel to the z-axis.
Further details will be described hereinafter.

In FIGS. 27A and B are additional preferred embodiments wherein
the first layer means of index of refraction ny is most preferably not air.
These embodiments show different examples of the light redirecting
layer 224. Further, in FIG. 27A medium 254 having index n3 need not be
air, but the various indices of the system 204 must meet the requirements
of Equation (10} to achieve the total internal reflection illustrated. In
FIG. 27B the mediwmn 254 is air, the light redirecting layer 224 has curved
facets 256, and the light 245 is focused within a preferred viewing zone
258,

The embodiments of FIGS, 28 and 29 preferably utilize an air gap
layer 260 as the first layer means. The layer 260 enables light to enter the

- layer 260 after the light 212 has achieved an angle of incidence less than
the critical angle 8¢ characteristic of an interface between the base layer
206 and the air gap layer 260. The embodiment of FIG. 28B includes a
first redirecting layer 262 between the base layer 206 and a diffuser layer
264 and a second redirecting laver 265 on the other side of the base layer
206. This first redirecting layer 262 includes refracting/internally
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reflecting prisms 266 while the second redirecting layer 263 includes
refracting prisms 268. Two of the polarization filter layer 216 are h
disposed either side of the base layer 206, each transmitting the
appropriate light 218 or 220 which is passed through the associated light .

redirecting laver, 262 and 265, respectively. In FIG. 28C is a more
preferred embodiment wherein the light redirecting layer 246 comprises a
refracting/internally reflecting layer having the relatively small prisms
247, The surface angles of each of the prisms 247 can vary across the
illustrated dimension of the redirecting layer 246 in a manner described
hereinbefore. This variation in angle enables focusing different cones of
light coming from the prisms 247 onto the preferred viewing zone 258
{see FIG. 27B). The light reflector layer 222 can be a metallic coating as
described bereinbefore.

The reflector layer 222 can be applied to the converting layer 226
by conventional vacuum evaporation techniques or other suitable
methods. The other layers, such as the redirecting layer 246 can be
formed by casting a transparent polymeric material directly onto the
matching layer 232 (see FIGS. 24 C-F and 28C and D). The polarization
filter layer 216 can likewise be manufactored by conventional methods,
such as deposition of multiple thin layers directly onto the base layer 206.
Also included is an angle transformer layer 274 coupled to the back
surface 211 (see FIG. 28C). This angle transformer 274 includes
prisms 276 which broaden the anguiar distribution of input light 212 to
the base layer 206 o help provide a more spatially uniform form of the
output light 218 to the LCD layer 230, Other forms of the angle
transformer layer 274 can be a roughened layer and a hologram (not
shown) coupled to the back surface 211 (or other input surface) without
an intervening air gap.

" In the preferred embodiment of FIG. 28D, a first prismatic light
redirecting layer 249 is disposed between the base layer 206 and the i
polarization filter layer 216, This redirecting layer 249 reduces the angle
of incidence of light 280 incident on the polarization filter layer 216, A
second prismatic light redirecting layer 282 then redirects light 284

- output from the filter layer 216 to an LCD Jayer 302 with a post diffuser
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layer 304, operable as a parallel diffuser as described hereinbefore. This
embodiment further includes the CCFT light source 236 with a reflector
290 having a position following at least a portion of an involute of the
light source 236 inner diameter. Another portion of the reflector 290
directly opposite the back surface 211 is convexly curved or bent.

In the preferred embodiment of FIG. 28E a light redirecting
laver 251 comprises refracting micro prisms 253. A polacization filter
layer 296 is disposed adjacent a converting laver 298, and the transverse
diffuser layer 252 is positioned between the redirecting layer 251 and the
LCD layer 302. A paralle] diffuser 304 is disposed on the light output
side of the LCD layer 302 with the light 242 directed through the LCD
layer 302 at a preferred angle to optimize output light 301 for best image-
forming quality of the LCD layer 302 (contrast, color fidelity and
response time).

The embodiments of FIGS. 29A and B show some of the
advantages of some forms of the invention over a conventional LCD
polarizer system 304 shown in FIG. 30A. In FIG. 304, a prior art
backlight 306 emits light 308 of both polarizations in nearly equal
proportions. A typical prior art LCD layer arrangement 310 includes a
first form of polarization filter 312 and a second form of polarization
filter 314 with the Jiquid crystal layer 316 sandwiched therebetween. In
this LCD layer arrangement 310, the first polarization filter 312 must
provide a high polarization ratio, that is, it must have an extremely low
transmission of light of the second polarization state which is unwanted
for input to the liquid crystal layer 316 in order for the 1L.CD layer

~ arrangement 310 to provide adequate LCD contrast. In practice, the
polarization filter 312 has a high optical density for the desired light of
the first polarization state as well. The resulting losses therefore further
degrade the LCD light transmission and image output. In contrast to this
prior art arrangement 310, the invention provides a much higher
percentage of light which is preferred by the LCD layer arrangement 316
thereby making use of a substantial portion of the light of the unwanted
second polarization and also minimizing loss of the desired light of the
first polarization state.
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In the embodiment of FIG. 28A this advantageous processing of
the light 218 and the light 220 for the LCD layer 316 is accomplished by -
positoning the converting layer 226 adjacent the base layer 206,
Disposed adjacent the converting layer 226 is the polarization filter layer
216, The hight redirecting layer 224 includes curved microprismatic
facets 318 to broaden the angle of light distribution in the xz plane and
improve the uniformity of light distribution output from the luminaire
system 204, A transverse diffuser 320 is preferably laminated to the light
redirecting layer 224 or can be formed on opposite sides of a single
polymmeric layer (not shown). The polarizing filter layer 216 can be
laminated or is disposed directly onto the converting layer 226 which in
tumn is laminated or deposited directly onto the first surface 208,

In the preferred embodiment of FIG. 29A the advantageous
processing of the hight 218 and the light 220 for the LCD layer 302 is
accomplished by using a first polarization filter layer 324 and a second
polarization filter layer 322, The first filter 324 can, however, have a
relatively low polarization ratio compared to the prior art polarization
filter 312. For example, the polarization filter layer 324 can have a lower
dye concentration than the prior art filter 312. This difference enables
higher LCD light transmission and improved image-forming properties
described hereinbefore. This preferred embodiment utilizes a post
diffuser layer 328 which is coupled to an LCD system 330 (the
combination of the layer 324, the hiquid crystal layer 302 and the layer
322). Preferably the post diffuser layer 328 is laminated to, or integrally
formed with, the second polarization filter layer 322.

In the preferred embodiment of FIG. 298, the advantages are
achieved by using only one poiarizatio:i filter layer 248 which results in
reduced cost for the luminaire system 204 and increased light
transmission. In this embodiment the light output through the matchmg
layer 232 is preferably at least 90% composed of light 218 of the LCD
preferred polarization state. A coupled angle transformer 334 coupled to
the back surface 211 reduces the angular width of light distribution in the
vz plane, and this reduced angular distribution further improves quality of
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the output light 250 making up the LCD tmage from the luminaire
system 204.

fringent Lavers in Lumingire Svsten
A birefringent material can be used to advantage in the polarized
light luminaire system 204 discussed hereinbefore. In the embodiment
iltustrated in FIG. 31A, the first layer 214 can be a birefringent material
of mdex np with two different optical indices nyy and n2p for the light
212 of two different polarization states "2" and "b", both indices being
less than one. This light 212 encounters the layer 214 near the respective
critical angles for these two polarization states,

6., = arcsin (n,, /n) (15) and
8, = axcsin(m, /1) (16)

The conditions of Equation (10) must be satisfied for ny equal to both ny
o, and npp, independently. The light 212 of both polarization states
decreases its angle of incidence by an angle 2& for each cyclic reflection
from the first surface 208 and the second surface 210 as described
previously. In this embodiment npq > nyp and therefore 85 > 8. As
the incidence angle for both polarization states decreases, the light 212 of
both polarization states can encounter the interface with the birefringent
first layer 214 with the light having an incidence angle less than the first
critical angle 8,4, but exceeding the second critical angle 8.
Therefore, light 218 of the first polarization state is at least partially
transmitied through the birefringent first layer 214, while the light 220 of
the second state is preferentially reflected by total internal reflection.
“This reflected second-state light 220 and the residual first-state light 218
continue to decrease their angles of incidence with successive reflections,
The light 218 of the first polarization state is transmitted at each
suceessive encounter with the interface between the first layer 214 and
the base layer 206. The light 220 of the second state continues to undergo
total internal reflection at this interface until its angle of ncidence
becomes less than the second critical angle 8¢, at which point this

second-state light 220 also is at least partially transmitted through the
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birefringent first layer 214, By virtue of this mechanism and of the
difference in indices ny aud n3B, the light exiting the birefringent first
layer 214 has a different angle distribution for the two polarization states
"a" and "b". .

Birefringent materials can in general include crystalline materials
having an anisotropic index of refraction. A preferred material is a
stretched polymeric film such as stretched fluorinated film. The
stretching orients the film and makes the index of refraction different
along that direction. Elsewhere we give birefringence values of these
stretched fluoropolymer film with An ranging from 0.030-0.054. Other
films are PVA (Polyvinylalcohol). Polypropylene, Polyolefin or even
Polyester (Mylar). Mylar is actually biaxial, but may still be used to
rotate polarization. More fraditional uniaxial birefringent materials are:
Caloite and Quartz. These are not as practical as the stretched films. In
practice the two polarization states are well-separated only if the two
indices are sufficiently different. This condition may be expressed as,

) 8,28,+5D an

where s must be at least 1 and is preferably greater than four. This
condition may be achieved, for example, using uniaxially oriented
fluoropolymer material for the birefringent layer, acrylic polymer for the
base layer 206 and reasonable values

of @ (between one and one-and-a-half degrees is typical for notebook
computer LCD backlighting).

FIG. 31B is like FIG. 31A, but the redirecting laver 224 has been
added; and the preferred embodiment uses air for the layer 207 having
index n3. The light 218 and the light 220 are output from the system 204
at different angles.

FIG. 31C illustrates another variation on FIGS. 31A and B, but the
redirecting layer 224 comprises a flat faceted reflective layer 340, The
light 218 and also the light 220 are directed to a converting layer 346 ' -
which transmits the light 218 without substantially changing its
polarization state; however, the converting layer 346 does convert the
light 220 to the light 218 of the desired first polarization state, The
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converting laver 346 shown in FIG. 31C has a construction that operates
to convert the light polarization only within the angular range occupied
by the light 220. The converting layer 346 thus utilizes the schematically
illustrated angular separation of the light 218 and the light 220 to carry
out the conversion of the light 220 to the light 218 without converting the
light 218 to the light 220, '

In the embodiments of FIGS. 31D and E, the reflected form of the
light 220 is returned to the interface of the base layer 206 with the
birefringent first laver 214, This is accomplished by virtue of total
mternal reflection of the light 220 together with passing at least twice
through the converting layer 346, which results in at least partially
converting the light 220 into the light 218 of the first polarization state.
Since this light 218 has an incidence angle less than the first critical angle
8, the light 218 is transmitted through the interface between the base
layer 206 and the first layer 214. This light 218 can then be reflected or
wansmitted by the redirecting laver 224, depending on the particular
nature of the redirecting layer 224. The alterpatives of transmitted and
reflected light are shown in phantom in FIGS. 31D and E. Further, in the
embodiment of FIG. 31D, the converting layer 346 is on the same side of
the base layer 206 as the birefringent first layer 214, The converting
layer 346 is also disposed between the base layer 206 and the birefringent
first layer 214, The embodiment of FIG. 31E shows another variation on
FIG. 31D with the converting layer 226 and the birefringent first layer
disposed on opposite sides of the base layer 206.

In the embodiment of FIG, 31F the system 204 is similar to the
embodiment of FIG. 31D, but the redirecting layer 224 comprises a layer
of facets 311. In the embodiment of FIG. 31G, the system 204 further
includes the LCD layer 302, the matching layer 232, and the diffuser -
layer 304 is disposed in a spatial position after the light 218 has passed
through the LCD layer 302. The redirecting layer 224 comprises the
tayer of micropristns 251 having flat faces and a metallic coating 342 for
high light reflectivity. Also shown is the angle transformer layer 238 fo
control the spatial distribution of the light 253 output from the system
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204. The embodiment of FIG. 31H is similar to the embodiment in FIG.
31G, but the system 204 uses curved facets 345 for the redirecting
layer 224 with facet angles adjusted at different spatial locations to focus
the output light 250 onto a preferred viewing zone. The angle
transformer 238 is Hustrated as a CPC. h
Light Diffuser After LCD Laver Progessing

In the embodiments shown in FIGS. 12N and 120 the LCD
display 216 or 236 provides an output light to the viewer. In a further
improvement of these embodiments a post diffuser layer 350 is disposed
in the path of the light 250 output from the LCD layer 302 (see FIG. 32A
and B). In the preferred embodiments shown in these figures, the general
operation is similar to the embodiments illustrated in FIGS. 26B, 28D and
E; 29A and B and 31G, but without any of the polarization filter
layers 216. As described hereinbefore, it is advantageous to provide light
to the LCD layer 302 in a collimated angular range, preferably
substantially perpendicular to the LCD layer 302 to optimize the image
output therefrom. The use of the post diffuser layer 350 allows the output
hight 253 to provide an image to viewers over a wide angular range
without corspromising light contrast and color fidelity.

One aspect which is preferably controlled in a system including
the post diffuser layer 350 is the width in the xz-plane of the angular
distribution transmitted through the LCD layer 302, The output angular
distribution preferably has a full width less than

A8, = (2}:::3)[;9 (18)

and a full width less than half of this value is even more preferred. In this
equation Apq is in radians, n,y, is the average index within the-LCD'
layer 302, 7 is the repetition pertod of display pixel rows mthe z-
dircetion, and & is the thickness of the LCD layer 302. For a typical LCD
used in notebook computers, ny ., is approximately 1.5, /= 0.3 mm, and d
=3 mm. For this example, ABp is preferably less thau 18 degrees, and 2
foll-width of nine degrees or less is even more preferred. By comparison,
Equation {8) can be used to calculate the output angular width of the
current invention using a flat-facet prismatic redirecting layer, such as is
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shown in FIG, 324 (layer 359) or in FIGS, 28B (layer 262). For a typical
notebook computer backlighting system, @ = 1.3 degrees and n = 1,49,
In this example, Equation (8) gives an output angular distribution of
cighteen degrees.

FIG. 32A shows a preferred arrangement of the system 204 having
a parallel form of the post diffuser 350 disposed overlying the LCD layer
302. Also included is a holographic angle transformer 364 disposed on
the back surface 211.

In another embodiment shown in FIG. 32B a refracting/internally
reflecting layer 360 includes curved facets 362 in order to narrow the
angular distribution in the xz-plane of light 364 directed through the LCD
layer 302, and thereby to improve image quality by reducing parallax at
the post diffuser layer 350, The embodiment has the curved reflecting
facets 362, but flat refracting facets can achieve the desired function as
well, as shown in FIG. 32C. In either case, the curved facets 362
preferably have a focal length less than the repetition period between
each of the facets 362, The angular distribution in the xz-plane is
preferably narrowed beyond the width given in Equation (8), and is most
preferably narrowed beyond the width given in the equation above. In
addition, the facet angles of the redirecting layer 224 are arranged to
focus the light output from different portions of the sysyem 204 onto a
preferred viewing zone. This figure also shows the micro-prismatic
angle-transforming layer 274,

In FIG. 32C is shown a variation on the embodiment of FIG. 32B.
In the system 204 an LCD layer arrangement 370 differs from the prior
art LCD layer arrangement 310 illustrated in FIG. 30, In particular, a
parallel light diffuser layer 372 (such as a holographic diffuser) is
disposed between the LCD layer 302 (layer 316 in FIG, 30) and the
second polarization filter layer 322 (layer 314 in FIG. 30). This
arrangement enables the second polarization filter layer 322 to reduce the
glare which can otherwise be caused by ambient light being reflected by
the diffuser layer 372. FIG. 32C further shows a light redirecting layer
374 having curved refracting facets 376 which perform the same angle
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narrowing function as the curved reflecting facets 362 shown in FIG.
32B. .

While preferred embodiments of the inventions have been shown
and described, it will be clear to those skilled in the art that various
changes and modifications can be made without departing from the
invention in its broader aspects as set forth in the claims provided
hereinafter.
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In the Clatms:

1. An optical device for operating on light from a source and
for selectively outputting light to a viewer, comprising:

2 base layer having a wedge-shaped cross-sectional areg
and having an optical index of refraction ny, and a first and a second
surface converging to define at least one angle of inchination ¢, said base
layer further including a back surface spanning said first and second
surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one

© . of said first and second layer surfaces and achieves an angle of incidence
less than a critical angle 8, relative to the normal;

first layer means including a layer having index ny less than

-n1 disposed beyond said second surface relative to said base layer and for
enabling light to enter said first layer means after cutput from said base
layer when the light in said base layer achieves the angle of mcidence less
than the critical angle 6, characteristic of an interface between the base
layer and said layer of index ny; and

second layer means for preferably outputting ght of a first
polarization state compared to a second polarization state, said second
layer means being disposed beyond said second surface relative to said
base layer and said second layer means further able to reflect at least part
of the light having the second polarization state. o

2. The optical device as defined in Claim 1 further including
light redirecting means for controlling angular range of light to be output
from said optical device.

3. The optical device as defined in Clatm | wherein said base
layer includes an additional layer coupled thereto.

4. The optical device as defined in Claim 1 further including
light converting means for changing light of the second polarization state
to light of the first polarization state,

5. The optical device as defined in Claim 4 wherein said
second layer means is disposed on the opposite side of said base layer
relative to said converting means. '
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6. The optical device as defined in Claim 4 further including
light redirecting means for controlling angular range of light to be output
from said device, said second layer means being disposed on the same
side of said base layer as said light redirecting means and also closer to .
said base layer than said light redirecting means.

7. The optical device as defined in Claim 1 wherein at least
one of said first and second layer means comprises a light converting
means for at Jeast partially changing light of one polarization to another
polarization.

8. The optical device as defined in Claim 1 further including
light redirecting layer means for changing the angle of light for output to
the viewer.

9. The optical device as defined in Claim 8 wherein said light
redirecting means further comprises means for controlling angular range
of light output.

10.  The optical device as defined in Claira 8 further including
converting means for at least partially changing light of one polarization
to light of another polarization.

11.  The optical device as defined in Claim 1 further including
at least one intervening layer disposed between said base layer and said
first layer means, said intervening layer allowing transmission of at least
part of the light and said intervening layer wherein said first layer means
is comprised of at least an air gap.

12, The optical device as defined in Claum 10 wherein said
converting means comprises a birefringent laver.

_ - 13, The optical device as defined in Claim 1 wherein said first
layer means is disposed one of (a) further from said second surface than
said second layer means and (b) nearer said second surface than said
second laver means.

14.  The optical device as defined in Claim 1 further including a -
hqmd crystal display disposed adjacent said device with Light mdn'ected
to said display by said optical device.

15, The optical device as defined in Claim 1 wherein said ﬁrst
layer means includes an air gap.
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16.  An optical device for operating on light from a source and
for selectively ontputting light to a viewer, comprising:

a base layer having a wedge-shaped cross-sectional area
and having an optical index of refraction ny, and a first and a second
surface converging to define at least one angle of inclination ¢, said base
layer further including a back surface spanning said first and second
surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one
of said first and second layer surfaces and achieves an angle of incidence
less than a critical angle 8, relative to the normal; and

layer means coupled to said base layer for preferably
outputting light of a first polarization state compared to a second
polarization state, said layer means further able to reflect at least part of
the light having the second polarization state, .

17.  The optical device as defined in Claim 16 wherein said
layer means includes a layer with index of refraction ny less than ny.

18.  The optical device as defined in Claim 17 wherein said
layer means is coupled directly to said base layer.

19, The optical device as defined in Claim 17 wherein said
layer means includes an air gap.

20.  The optical device as defined in Claim 17 wherein said
layer means comprises light converting means for at least partially
changing light of one polarization to light of another polarization and also
includes light redirecting layer means for operating on the Light to control
the angular output range of the light to the viewer.

21, The optical device as defined in Claim 20 wherein said light
converting means and said light redirecting layer means are disposed
adjacent one another, , .

22, The optical device as defined in Claim 20 wherein said light
converting means comprises a birefringent layer.

23,  The optical device as defined in Claim 22 wherein said
birefringent layer is disposed on one side of said base layer compared to

- said light redirecting layer means.
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24.  The optical device as defined in Claim 17 wherein said
layer means comprises a birefringent layer, converting means for
changing light of the second polarization state to light of the first
polanization state and light redirecting layer means for operating on the
light to exert control over angular output range of the light to the viewer.

25, The optical device as defined in Claim 24 wherern said hight
redirecting layer means is disposed further from said base layer than said
birefringent layer and said converting means.

26.  The optical device as defined in Claim 25 wherein said
converting means is disposed closer to said base layer than said
birefringent layer.

27, The optical device as defined in Claim 17 wherein said
layer means further provides light of the first polarization state being
transmnitted through said first surface of said base layer and part of the
light of the second polarization state being transmitted through said
second surface of said base layer

28.  An optical device for operating on light from a source and
for selectively outputting light o a viewer, comprising:

a base layer having a wedge-shaped cross-sectional area
and having an optical index of refraction ny, and a first and second
surface converging to define at least one angle of inclination ¢, said base
layer further including a back surface spanning said first and second
surfaces, and the light exiting said base layer when the light bemng
reflected therein decreases ifs angle relative to the normal to at least one
of said first and second surfaces aud achieves an angle of incidence less
than e critical angle 8 relative to the normal;

' first layer means including an air gap disposed beyond said
second surface relative to said base layer and for enabling light to enter
'said air gap after output from said base layer when the light in said base
layer achieves the angle of incidence less than the critical angle 6,
characteristic of an interface between the base layer and said air gap,
second layer means for preferably outputting light of a first
polarization state compared to a second polarization state, said second
layer means also disposed beyond said second surface relative to said
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base layer and said second layer means further enabling reflection of at
least part of the light of the second polarization state; and
 light redirecting means for operating on light baving passed
through said base layer to enable the light to be output from said device.’

29.  The optical device as defined in Claim 28, wherein said
redirecting means includes means for operating on the light having passed
through said second layer means to control angular output of the light,

30.  The optical device as defined in Claim 29 wherein said light
redirecting means operates on said reflected light and redirects the
reflected light toward said second layer means.

31.  The optical device as defined in Claim 30 wherein said light
redirecting means is disposed beyond said top surface relative to said
base layer.

32.  The optical device as defined in Claim 31 wherein said light
redirecting means includes at least a reflecting layer.

33.  An optical device for operating on light from a source and
for selectively outputting light to a viewer, comprising:

a base layer having a wedge-shaped cross-sectional area
and having an optical index of refraction n,, and a first and second
surface converging to define at least one angle of inclination §, said base
layer further including a back surface spanning said first and second
surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one
of said first and second surfaces and achieves an angle of incidence less
than a critical angle 8 relative to the normal;

first layer means comprising an air gap layer disposed at
least beyond said first surface relative to said base layer and for enabling

- light to enter said first layer means after output from said base layer when
the light in said base layer achieves the angle of incidence less than the
cnitical angle 8 characteristic of an interface between said base layer and
said air gap laver; and ‘ .
second layer means for preferably outputting light of a first
- polarization state compared to a second polarization state, said second
layer means disposed beyond said second surface relative to said base
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layer and said second layer means including an air gap and further
enabling reflection of at least part of the light having the second
polarization state.

34.  The optical device as defined in Claim 33 further including
a redirecting layer overlying said first layer, said redirecting layer
transmitting light toward the viewer over & controlled angular range.

35.  The optical device as defined in Claim 33 wherein said
second layer means further comprises converting means for changing at
least part of the Hght of the second polarization state to provide light of
the first polarization state for output to the viewer.

36.  The optical device as defined in Claim 33 wherein the light
comprises at least one of linearly polarized light, circularly polarized light
and elliptically polarized Light.

37.  The optical device as defined in Claim 35 wherein said
second layer means converts light from the second to the first polarization
state with at least & ten percent efficiency.

38.  The optical device as defined in Claim 33 wherein said
second layer means is transparent to light having both the first and second
polarization states. '

39,  The optical device as defined in Claim 33 wherein said
second layer means causes less than a ten percent change of angnlar
distribution of the hght output to the viewer for light incident at an angle
x refative to the sweface normat wherein,

b 4 F wy T
- 2y Do guap M
2 u 2 él{ng 1

where ny = index of refraction of said base layer and ny = index of
refraction of said first layer meaus.

40.  The optical device as defined in Claim 33 further inclading
third layer means disposed between said base layer and the viewer, said
third layer means for converting light of one polarization state to another
polarization state, -

41.  The optical device as defined in Claim 40 wherein said

~ third layer means further includes a liquid crystal layer electrically
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activated for converting the polarization of light passing therethrough
from one polarization state to another polarization state.

42.  The optical device as defined in Claim 33 further including
an air gap layer between said liquid crystal layer and a separate layer
portion forming said third layer means, for converting light from the first
to the second polarization state.

43.  The optical device as defined in Claim 35 wherein said
means for changing polarization has an index of refraction n 2 1.4,
thickness 2 Spm and is birefringent such that An > 0.05.

44.  The optical device as defined in Claim 33 wherein said
birefringent second layer means comprises at least one of a biaxially
oriented layer and a undaxially oriented layer of birefringent material.

45, The optical device as defined in Claim 43 wherein said
birefringent second layer means is selected from the group consisting of
polyester, acrylic and polycarbonate materials.

46.  An optical device for operating on light from 8 source and
for selectively outputting light to a viewer, comprising:

a base layer having a wedge-shaped cross-sectional area
and having an optical index of refraction ny, and a first and 8 second
surface converging to define at least one angle of inclination ¢, said base
layer further including a back surface spanuing said first and second
surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one
of said first and second surfaces and achieves an angle of incidence less
than a critical angle 6, relative to the normal;

first layer means inciuding an air gap at least one of -
disposed beyond said first surface and beyond said second surface
relative to said base laver and having an optical index of refraction ny for
allowing transmission of light received from said base layer; and

converting layer means for changing light of one
polarization state to another polarization state, said converting layer
means disposed at least one of overlying and underlying said base laver.

47.  The optical device as defined in Claim 46 further including

* - light redirecting means at least one of overlying and underlying said first
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laver means, said redirecting means for selectively redirecting light output
from said first layer means.
48.  The optical device as defined in Claim 46 farther including

a reflecting layer beyond said second surface relative to said base layer .
for reflecting light of the second polarization state received from said

base layer. »
49.  The optical device as defined in Claim 46 further including
second layer means for preferably transmitting light of one polarization
relative to another,

50. The optical device as defined in Claim 48 further including
means beyond said reflecting layer relative to said base layer for rotating
light of the second polarization state to provide light of the first
polarization state for output to the viewer,

51.  The optical device as defined 1o Claim 50 further including
third laver means disposed between said first layer and the viewer, said
third layer means for converting light of the first polarization state to light
having an LCD preferred polarization state.

52.  The optical device as defined in Claim 51 wherein said
third layer means comprises a birefringent layer.

53.  An optical device for operating on light from a source and
for selectively outputting light to a viewer, comprising:

a base layer having a wedge-shaped cross-sectional area
and having an optical index of refraction n,, and a first and a second
surface converging to define at least one angle of inclination $, said base
layer further including a back surface spanning said first and second
surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one
of said first and second surfaces and achieves an angle of incidence less
than a critical angle O, relative to the normal; N

first layer means including an air gap beyond said second
surface relative to said base layer and said base layer first surface for
enabling light to enter said layer means from said base layer when the
light in said base layer achieves the angle of incidence less than the
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cotical angle 6, characteristic of the interface between the base layer and
the laver means;

light redirecting means for operating on light having passed
through said base layer and for outputting the light toward the viewer;
and

second layer means disposed in a layer position being a
layer beyond said first surface relative to said base layer and being a layer
beyond said light redirecting means relative to said base layer, said
second layer means for preferably transmitting light of a first polarization
state compared to a second polarization state and for preferably reflecting
hight of the second polarization state.

54.  The opfical device as defined in Claim 33 wherein said
second layer meass is disposed beyond said first surface relative to said
base layer and the optical device further includes another light redirecting
means disposed beyond both said second layer means and said first
surface relative to said base layer.

$5.  The optical device as defined in Claim 53 wherein said
redirecting means comprises at least one of a reflective layer able to
reflect light and a transmissive layer able to modify the angular
distribution of light passing therethrough.

56.  The optical device as defined in Claim 53 wherein said
second layer means is disposed beyond a first one of said light redirecting
means, relative to said base layer, with an air gap disposed between said
base layer and said second layer means and another air gap disposed
between said second layer means and a second one of said light
redirecting means.

, $7.  An optical device for operating on light from a source and
for selectively outputting light to a viewer, comprising:

' a base layer having a wedge-shaped cross-sectional area
and having an optical index of refraction ny, and a first and a second
surface converging to define at least one angle of inclination ¢, said base
layer further including a back surface spanning said first and second
surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one
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of said first and second surfaces and achieves an angle of incidence less
than a critical angle 8, relative to the normal;

first laver means including an air gap at least one of
disposed beyond said first surface relative o said base layer and beyond
said bottom layer surface relative to said base layer and having an optical
index of refraction ny for allowing transmission of light received from
said base layer;

second layer means for preferably transmitting hight of 2
first polarization state relative to a second polarization state, said second

" layer means disposed at least one of (a} disposed beyond said first surface

and said first layer means relative to said base layer and (b) disposed
beyond said second surface and said first layer means and said second
layer means further enabling reflection of at least part of the light having
the second polarization state;

light redirecting means for operating on the light reflected
by said second layer means and redirecting it back toward said second
layer means; and

third layer means for converting at least part of the light of
the second polarization state to light of the first pala;nizatien state.

58.  The optical device as defined in Claim 57 wherein said light
redirecting means includes a reflective layer disposed underlying said
seeond surface of said base layer and said second layer means overlying
said base layer.

59.  The optical device as defined in Claim 57 wherein said
third layer means is disposed between said second layer means and said
light redirecting meaus. .

60.  The optical device as defined in Claim 58 wherein said
third layer means is disposed between said reflective layer and said -
second layer means. .

61.  The optical device as defined in Claim 60 wherein said .
third layer means is disposed above said first surface along with said
second layer means.
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62.  The optical device as defined in Claim 60 wherein said
third layer means is disposed below said second surface along with said
reflective layer.

63.  The optical device as defined in Claim 57 wherein said
second layer means comprises a plurality of layers of material having
alternating high and low indices of refraction.

64.  The optical device as defined in Claim 63 wherein the
indices of refraction nyy (high index) and ny, (low index) meet the

requirement: _

- M/ .

tan@g, = ;

& .
tang = M/ and

- My
2 2 . 2 3
Hobe E By T H:

65.  The optical device as defined in Claim 64 wherein the
thickness of each layer of said plurality of layers is about one quarter the
wavelength of light in said layers.

66.  The optical device as defined in Claim 64 wherein the
thickness of each layer of said plurality of layers is at least twice the
wavelength of light in said layers.

67.  An optical device for operating on light from a source and
for selectively outputting light to a viewer, comprising: '

a base layer having a wedge-shaped cross-sectional erea
and having an optical index of refraction 1, and a first and a second
surface converging to define at least one angle of inclination $, said base
layer further inchuding a back surface spanning said first and second

 surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one
of said first and second layer surfaces and achicves an angle of incidence
less than a critical angle 6, relative to the normal,

- layer means for preferably outputting light of a first
polarization state compared to a second polarization state, said layer
means including a first filter layer means for filtering the light to pass
preferably said light of first polarization state and said layer means
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further including converting means for changing at least 2 part of said
light of second polarization state to said light of first polarization state; .

a lquid crystal display layer positioned to receive said light
of first polarization state and output said light to the viewer; and

light diffuser means for diffusing light output from said
layer means and said Hquid crystal display layer to broaden the light ina
narrow angular distribution in a plane thereby outputting light to a viewer
over a range of viewing angle without distorting image quality.

68.  The optical device as defined in Claim 67 whercin said
layer means comprises at least one polarization filter layer and at least
one light polarization converting layer.

69.  The optical device as defined in Claim 67 wherein said lght
diffuser means comprises a parallel light diffuser.

70.  The optical device as defined in Claim 67 wherein said light
diffuser means comprises a light redirecting layer having a prismatic
faceted surface.

71.  An optical device for operating on light from a source and
for selectively outputting light to a viewer, comprising:

a base layer having a wedge-shaped cross-sectional area
and having an optical index of refraction n;, and a first and a second
surface converging to define at least one angle of inclination ¢, said base
layer further including a back surface spanning said first and second
surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one
of said first and second laver surfaces and achieves an angle of incidence

less than a critical angle 8, relative to the normal; and

first layer means including a layer having index ny less than
nj disposed beyond said second surface relative to said base layer and for
enabling light to enter said first layer means after output from said base
layer when the light in said base layer achieves the angle of incidence less
than the critical angle 8, characteristic of an interface between the base
layer and said layer of index n3; and o

a liquid crystal display layer positioned to receive the light
‘output from said first layer means and output said light to the viewer; and
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light diffuser means for diffusing light cutput from said
layer means and said liquad crystal display layer to broaden the light ina
narrow angular distribution in a plane thereby outputting light to a viewer
over a range of viewing angle without distorting image quality.

72.  The optical device as defined in Claim 71 further including
at least one of a reflector layer, a light redirecting layer, and a transverse
diffuser disposed nearer said base layer than said liquid crystal display
layer.

73.  An optical device for operating on light from a source and
for selectively outputting light to a viewer, comprising:

a base layer having a wedge-shaped cross-sectional area
and having an optical index of refraction ny, and a first and a second
surface converging to define at least one angle of inclination &, said base
tayer further including a back surface spanning said first and second
surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one
of said first and second layer surfaces and achieves an angle of incidence
less than a critical angle 8, relative to the normal;

first layer means including a layer having index ny less than
nj disposed beyond said second surface relative to said base layer and for
enabling light to enter said first layer means after output from said base
layer when the hight in said base layer achieves the angle of incidence less
than the critical angle 8, characteristic of an interface between the base
layer and said layer of index ny;

second layer means for preferably outputting light of a first
polarization state compared to a second polarization state, said second
layer means being disposed beyond said second surface relative to said
base laver and said second laver means fuxther able to reflect at Jeast pant
of the light having the second polarization state;

light redirecting means for controlling angular range of light to be
output from said device; and

a liquid crystal display layer positioned to receive said light of said
first polarization state for output to the viewer.
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74, The optical device as defined in Claim 73 wherein said
second layer means comprises at least one of a polarization filter layer
and a polarization converter layer.

75.  An optical device for operating on light from 2 source and
for selectively outputting light to a viewer, comprising:

a base layer having a wedge-shaped cross-sectional area
and having an optical index of refraction n,, and a first and a second
surface converging to define at least one angle of inclination ¢, said base
layer further including a back surface spanning said first and second
surfaces, and the light exiting said base layer when the light being
reflected therein decreases its angle relative to the normal to at least one
of satd first and second surfaces and achieves an angle of incidence less
than a critical angle 8, relative to the normal;

layer means including an air gap at least one of disposed
beyond said first surface and beyond said second surface relative to said
base layer and having an optical index of refraction n2 for allowing
transmission of light received from said base layer;

converting layer means for changing light of one
polarization state to another polarization state, said converting layer
means disposed at least one of overlying and underlying said base layer;

a liquid crystal display layer positioned to receive said light
of said first polarization for output to the viewer,

76.  The optical device as defined in Claim 75 further including
light diffuser means for diffusing light output from said layer means and
satd hiquid crystal display layer to broaden the light in a selected narrow
angular distribution.

77.  The optical device as defined in Claim 735 wherein said
layer means comprises at least one polarization filter layer and at least
one light polarization converting layer. ‘

~ 78.  The optical device as defined in Claxm 75 wherein said light
redirecting means comprises at least one of a hight redirecting layer
disposed above or below said base layer and (2) a lxght redirecting layer -
- disposed adjacent said back surface '
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International Bureau will send a copy of such comments to all designated Offices unless an international preliminary
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prescribed acts for entry inte the national phase before those designated Offices. In respect of other designaled Offices, the
time limit of 30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicable time
limits, Qffice by Office, see www.wipo.int/pct/en/texts/time_limits. html and the PCT Applicant 's Guide, National Chapters.
Within 22 menths from the priority date, the applicant may request that a supplementary international search be carried
out by a different Intemational Searching Authority that offers this service (Rule 456is.1). The procedure for requesting
supplementary international search is described in the PCT Applicant's Guide, International Phase, paragraphs 8.006-8.032,
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Facsimile No. 571-273-8300
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International application No., International filing date (day/month/vear) (Earliest) Priority Date (dawmonth/year)
PCT/US2018/045648 Q07 August 2018 08 August 2017

Applicant
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This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets.
I:] It is also accompanied by a copy of cach prior art document cited in this report.

t. Basis of the repart
a. With regard to the language, the international search was carried out on the basis of:
[Zl the intemational application in the language 1n which 1t was filed.

EI a translation of (the inlemational application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b}).

b. E] This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authaority under Rule 91 (Rule 43.64is(a)).

c. D With regard to any nucleotide and/er aminoe acid sequence disclosed in the international application, see Box No. 1,
2. @ Certain claims were found unsearchable {(see Box No. I[).
3 D Unity of invention is lacking (see Box No. 111).

4, With regard to the title,
the text is approved as submitted by the applicant.
E:] the text has been established by this Authority to read as follows:

5. With regard to the abstract,

the text 1s approved as submitted by the applicant.

El the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. 1V, The applicant may,
within one month from the date of mailing of this international scarch report, submit comments to this Authority.

6. With regard 1o the drawings,
a. the figure of the drawings to be published with the abstract is Figure No.
[Z] as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
[:] as sclected by this Authority, because this fipure better characterizes the invention.

3

b. [:] none of the figures is to be published with the abstract.
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INTERNATIONAL SEARCH REPORT Internationat application No.
PCT/US2018/045648
Box No. 11 Observations where certain claims were found unsearchable (Contincation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1 EI Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate o parts of the international application that do not comply with the presenibed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 6-19, 22-24, 31, 32
because they are dependent claims and arc not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet}

This Intemational Sgarching Authority found multiple inventians in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this intermational search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

O og

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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See Search History document
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

(25.08.2018) entire document
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Us 2014/0002586 A1 (NCURBAKHSH) 02 January 2014 (02.01.2014}) entire document 5
US 2012/0319928 A1 {(RHODES) 20 December 2012 (20.12.2012) entire documsent
US 2005/0104878 A1 (KAYE et al} 19 May 2005 (18.05.2005) entire document

US 2012/0114201 A1 {LUISI et al) 10 May 2012 {10.05.2012) entire dacumeant

US 2011/0063465 A1 (NANU et al) 17 March 2011 {(17.03.2011) entire document

US 2016/0219258 A1 (REALD INC.) 28 July 2016 {28.07.2016) entire document

Category™ Citation of document, with indication, where appropriate, of the relevant passages Reclevant to claim No.
Y US 2017/0185662 A1 (REALD SPARK, LLC) 08 July 2017 {06.07.2017) entire document 1-5, 20, 21, 25-30, 33-36
Y WO 2016/132148 Al (MAGIC PONY TECHNGOLOGY LIMITED et al} 25 August 2016 1-5, 25-30, 33, 34, 36

20,21, 34,35
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D Further documents are listed in the continuation of Box C.

D See patent family annex,

. Special cateparies of cited documents:

“A"  document defining the gencral state of the art which is not considered
to be of particular relevance

“C” earlier application or patent bul published on or afier the international
filing date

“L”  document which may throw doubts on priority claim{s) or which is
ciled to establish the publication date of another citation or other
special reason (as specified)

“O" deecumenl referring to an oral disclosure, use, exhibition or other
means
“P"  document published prior to the intermational filing date but later than

the priority date claimed

o

later document published after the incmational filing date or priority
date and not in conflict with the application but citéd to understand
the principle or theory underlying lﬁe invention

“X"  document of particular retevance, the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“¥Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
comhined with one or more ather such documents, such combination
being abvious to a person skilled in the art

“&" document member of the same patent family

Cate of the actual completion of the international search

01 October 2018

Date of mailing of the international search report

160CT 2018

Name and mailing address of the 18A/US

Mail Stop PCT, Attn: ISA/MJS, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized ofTicer
Blaine R. Copenhaaver

PCT Helpdesk: 571-272-4300
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Box No. 1 Basis of this opinion
I. With regard to the language, this opinion has been established on the basis of:
>X] the internatianal application in the language in which it was filed.
D a transiation of the international application into which is the language of a translation

furnished for the purposes of intermational search (Rules 12.3(a) and 23.1(b))

2. I:] This opimion has been established taking into account the rectification of an obvious mistake authorized by or notified to
this Authority under Rule 91 (Rule 43545, 1{a)).

3. [:] With regard to any nucleotide and/or amina acid sequence disclesed in the mternational application, this opinion has
been established on the basis of a sequence listing:

a [] forming part of the international application as filed:
D in the form of an Annex C/8T.25 text file.
[:] on paper or in the form of an image file.

b. D furmished together with the international application under PCT Rule 13ze7.1{a) for the purposes of intemnational
search only in the form of an Annex C/$T.25 text file.

c. D fumished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file {(Rule 13ter_ 1{a)).

E] on paper or in the form of an image file (Rule 13f2r.1{b) and Administrative Instructions, Section 713).

4. D In addition, in the case that more than one version or copy of a scquence listing has been filed or furnished, the required
statements that the informaticn in the subsequent or additional copies 1s identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The guestions whether the claimed invention appears to be novel, to invalve an inventive step (to be non obvious), or to be industrially
applicable have not been examined in respect of:

El the entire international application.

m claims Nos. B-19, 22-24, 31, 32

because:

the said intemational application, or the said ¢laims Nos. relate to the following
subject matter which does not require an international search (specify)

% the description, claims or drawings findicate particular efements below) or said claims Nos, 6-19,22-24, 31, 32
are so unclear that no meaningful opinion could be formed (specify).

This international search report has nat bean established in respect of certain claims under Article 17{2){a) for the following reasons:
Claims 6-19, 22-24, 31, 32 are depandent claims and are not drafted in accordanca with the second and third sentences of Rule 6.4{a}.

D the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

™| no intemational scarch report has been established for said claims Nos. 6-19, 22-24, 31,32

D ameaningful opinion could not be formed without the sequence tisting; the applicant did not, within the prescribed time limit:

El fumish a sequence listing in the form of an Anncx C/ST.25 text file, and such listing was not available to the
International Searching Authority in the form and manner acceptable to it; or the sequence listing fumnished did not
comply with the standard provided for in Annex C of the Administrative Instructions.

I:I fumnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex
C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the
form and manner acceptable to it, or the sequence listing furnished did not comply with the standard provided for m
Anncx C of the Administrative Instructions.

El pay the required late furnishing fee for the fumishing of a sequence listing in response to an invitation under
Rule 13ter.1(a) or (b).

[:I See Supplemental Box for further details
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Box No. ¥V Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step and industrial applicability;

citations and explanations supporting such statement

1. Statement
Novelty (N} Claims 1-5,20, 21, 25-30, 33-36 YES
Claims Neng NO
Inventive step (1) Claims Noneg YCS
Claims 1-8, 20, 21, 25-30, 33-36 NO
Industrial applicability {IA) Claims -5, 20, 21, 25-30, 33-36 YES
Claims None NO

2. Citations and explanations:

Claims 1-4, 25-27, 30, 33, and 36 lack an inventive step undar PCT Article 33({3) as being obvious over Reall Spark, LLC (hereinafter
RealD} in view of Magic Pany Technalegy Limited et al. (hereinaftar Magic).

Regarding claim 1, RealD discloses a methed of ganerating reference data {The refarance data 35 is cobtained and analyzed in advance
[i.e. generating reference data} using a machine learning technigue which derives the form of the feature vectors 34 and associates the
reference displacement vector fields with the possible values of the feature vactor, para 0058) for adjusting a digital representation of a
head region {adjusting the sterecscopic pair of images, or mora generally multi-view images, of a head to correct the perceived gaze, para
0004, adjusting mulli-view images of a head te carrect gaze fi.e. adjusling a digital representation of a head region], para 0005), the
method compnsing:

racgiving training data (The capture device 10 includes a display 11 and a camera system 12 comprises two cameras 13 used to capture
the stersoscopic pair of images of the head of a source observer 14, para 0030, Tha training input to the machine learning technigue is
two sats of images {i.e. receiving training data), which may be stereoscopic pairs of images or monoscopic images, para 0057) comprising.
a set of input patches (in each image of the multi-view images, identifying image patches (i.e. a set of input patches] containing the left and
right eyes of the head, respectively, para 0005), each input patch comprising a target feature of a digital representation of a head region
prior to adjustment of the digital representation of the head region (in sach image of the multi-view images, identifying image patches
containing the left and right eyes of the head, respectively; in respect of the image patches containing the left eyas of the head in each
imagea of the multi-view images, and also in respect of the image patches containing the right eyes of the head in each image of the
multi-view images [i.e. input patch comprising a target feature of a digital representation of a haad region prior to adjustment of the digital
reprasantation of the head region], para 0005, the image patches input and output images of each individual are aligned in the normalized
coordinate system, para 0062), whersin tha target feature is the samae far each input patch (image patches containing the left and right
ayss of the head, respectively are identified in each image 31 of the stereascopic pair. FIG. 4 shows the identifiad image patchas 32 of the
right eya in each image 31 [i.8. the target featurg is the same for each inpul patch], para 0049, image patches 32 cantaining the left and
right ayas of tha head ara identified in sach image 31 of the stereoscopic pair. This is dong by idantifying an image patch 38 in each image
31 Iocated around tha identified points (“landmarks") correspanding to features of an eye, para 0051}, and

a sat of output patches in one-to-cne correspondence with the input patches, each output patch camprising the target feature of the digital
representation of the head region after adjustment of the digital representation of the head region (adjusting each image of the multi-view
images by transforming the image patches containing the left and right eyes of the head in accordance with the derived displacement
vector field, para 0005, image patches containing the left and right eyes of the head are identified and transformed, para 0006, the image
patches input and output images of each individua! are aligned in the normalized coordinate system [i.e. a sat of autput patches in
one-to-one correspondenca with the input patches), para 0062, From an input and output image of each individual, there is derived a
displacement vactor field that represants the transformation of the image patch in the input image raguired ta obtain the image patch of the
output image [i.e. each ocutput pateh comprising the target feature of the digital representation of the head region after adjustment of the
digital representation of the head region], para 0063, The displacement vector field F is ¢hasen so that the image pateh of the output
image Ofxy) is derivad from the image patch of tha input image I{x,y) [i.e. a set of output patches in cne-to-one corespandence with the
input patches, sach output patch comprising the target feature of tha digital rapresentation of the head ragion after adjustmant of tha digital
rapresentation of the head ragion], para 0064);

using a first machine leaming algarithm to generate first reference data using the training data (To derive a displacemeant vector field that
rgpresants tha transformation, a feature vector is darived from plural local image descriptors of the image patch in at least one image of
the multi-view images and used to look up reference data comprising reference displacement vector fialds associated with possible values
of the feature vector. The form of the feature vectar may be derived in advance from the reference data using machine learning, para
0008, The refarence data 35 is obtained and analyzed in advance using a machine learning technigue which derives the form of the
feature vectors 34 and associates the reference displacement vectar flalds with tha possible values of the feature vector, para 0058, The
training input to the machine learning technique is two sats of images, which may be stareoscopic pairs of images ar monoscopic images
[i.e. using a first machine learning algorithm to generate first refarence data using the training datal, para 0057, In a first type of machine
leaming technigue, the faature vector may comprise features that are values derived from the local image descriptors in a discrete space,
being binary values or values discraetizad inta more than two possible values. In this ¢asa, tha machine learning technigue assaociates a
reference displacement vactor field F derivad from the training input with each possible value of the feature vector in tha discrete spaca, so
the reference data 35 is assentially a laok-up table. This allows a reference displacemant vactor field F [i.e. first refarance data] to be
simply selected from the refarence data 35 on tha basis of the feature vactor 34 derivad, para 0Q076), the first reference data comprising
editing instructions for adjusting tha digital representation of the head region for a range of possible digital repraesentations of the head
region (deriving a displacemant vactor field ragresenting a transformation of an image patch, using the derived feature vactor to look up
reference data comprising raferance displacemant vacter fislds associated with possible values of the feature vactor; and adjusting each
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image of the multi-view images by transforming the image patchas containing the laft and right eyes of the head in accordance with the
derived displacement vactor field [I.e. the first reference data comprising aditing instructions for adjusting the digital representation of the
head region for a ranga of possible digital represantations of the head reglon], para 0005, image patchas containing the |eft and right
ayes of the head are identified and transformed. To derive a displacement vactor fisld that rapresents the transformation, a feature vector
is derived from plural local image descriptors of the image patch in at {east one image of the multi-view images and used o look up
referance data comprising reference displacement vector fields associated with possible valuas of the feature vectar. The form of the
feature vector may be derived in advance from the reference data using machine leaming. This method allows the gaze to be comrected,
thereby raducing the disconcarting effect of incorrect gaze whan the multi-view images are subiseguently displayed, para 0008, The
feature vectors 34 are representations of the image patchas 33 that are suitable for use in looking up reference data 35 comprising
reference displacement vector figlds that represent transformations of the image patch and are associated with possibla values of the
feature vector, para 0055, The reference data 35 is obtained and analyzed in advance using a machine learning technigque which derives
the form of the feature vactors 34 and associates the reference displacement veclor fields with the possible values of the feature vector,
para 0058); and

using a second machine learning algorithm to generate second reference data (In a second type of machine learning techniqus, the
feature vactor may comprise features that are discrete values of the local image descriptors in a continuous space, |n this case, the
machine leaming technigue associates a reference displacement vector field F derived fram the training input with possible discrete
values of the feature vactor in the continuous space. This allows a displacement vecter field F [i.e. second reference data] to be derived
from tha refaerence data 35 by interpolation from the reference displacement vector fields based on the relationship batween the feature
vector 34 derived and the values of the featura vector associated with the refarance displacement vector fields [i.e. using a second
machine learning algorithm to generata second reference data, para 0083}, the second reference data comprising editing instructions for
adjusting the digital representatian of the head ragion far a rangs of possible digital represantations of the head region (deriving a
displacamant vector field raprasenting a transformation of an image patch, using the derived feature vector to look up refarence data
comprising reference displacement vactor fislds assaociatad with possible values of the faature vector; and adjusting each image of the
multi-view images by transforming tha image patches containing the left and right eyaes of the head in accordance with the darived
displacement vactor fiold [.a. tha secend reference data camprising editing instructions for adjusting the digital representation of the
head region for a range of possible digital representations of the head region], para D05, image patches containing the laft and right
ayss of the head are identifiad and transformed. To derive a displacement vector field that represents the transformation, a feature vector
is darived from plural local image descriptors of the image patch in at least ane image of the multi-view images and used to look up
raference data comprising reference displacement vector figlds associated with possible values of the feature vector. The form of the
featura vactor may be derived in advance from the reference data using machine leaming. This method allows the gaze to be corrected,
thereby reducing tha disconcerting effect of incarract gaze when the multi-view images are subsequently displayed, para 0006, The
feature vectors 34 are representations of the image patches 33 that are suitable for use in looking up reference data 35 comprising
rafarence displacement vector fields that represent transfarmations of the image patch and are associated with possible values of the
featura vactor, para 0055, The rafarance data 35 is obtained and analyzed in advance using a machina learning technique which derives
the form of the featura vectors 34 and associates the refarance displacement vactor fields with the possibla values of tha faature vector,
para 0056).

Reall does not spacificatly disclase the second machine learning algorithm using the same training dala as the first machina learning
algorithm and the first reference data generated by the first machine learning algorithm.

However, Magic is in the field of generating hierarchical algorithms using machine learning techniques te enable high guality
reconstruction of lower-quality visual data {pg 1 In -8} and disclases the secand machine learning algorithm using the same training data
as the first machine leaming algorithm and the first refarence data generated by the first machine leaming algerithm {receiving one or
mors sections of higher-quality visua! data; training a hierarchical algerithm, wherein the hierarchical algorithm is operable to increase the
quality of one or more sections of lower-guality visual data to substantially reproduce the one or more sections of higher-quality visual
data; and outputting the hierarchical algorithm, pg 12 In 13-17, Training hierarchical algorithms can allow enhancement and/or
reconstruction models to be developed far enhancing visual data in at [east one embodiment, visual data can be image data and/or video
data, enhancemant madals can ba developed to increass the accuracy of higher-quality visual data that can be reproduced fram
lowar-quality visual data in comparison to orginal higher-gquality visual data, knowledge of the original visual data can allow the
hierarchical algorithm to be trained {(and/or developed) based on knowledge of bath the original visual data [i.e. using the same training
data as the first maching learning algorithm] and the low-quality visual data in order to train a hierarchical algorithm to substantially
reproduce the original visua! data from the low-quality visual data, pg 12 In 18-27, a trained hierarchical algorithm can be developed for
input visual data, wherein tha trainad hierarchical algorithm is developed for that input data based on the selected most simifar
pre-trained algorithm, the selection of the one or more most similar pre-trained algorithm{s) can be made based on one or more metrics
assaociatad with the pre-trained models [i.e. using the first reference data generated by the first machine learning algorithm) whan
camparad and/or applied to the input data {i.e. the sacond machine learning algorithm using the same training data as the first machine
leaming algorithm and the first referance data genarated by the first machine laaming algerithm}, pg 12 In 29 to pg 13 In 10). It would
have been obvious to one of ordinary skill in the art at the time of the invention to modify RealD with the teachings of Magic for the
purposs of allowing the hierarchical algorithm to be trained (andfor developed) based on knowledge of both the original visual data and
the low-guality visua! data in order to train a hierarchical algorithm to substantialiy reproduce the priginal visual data from the low-quality
visual data (Magic pg 12 In 18-27).
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Regarding claim 2, RealD further discloses that the first reference data comprise first editing instructions for a range of possible
configurations of the target feature and first salection instructions for selecting editing instructions for a particular input patch from tha first
editing instructions based on the configuration of the target featura of the input patch {deriving a displacement vector field representing a
transformation of an image patch, using the derived feature vector to look up referanca data comprising refaranca displacament vector
fields associated with possible values of the feature vector; and adjusting each image of the multi-view imagas by transfarming the imaga
patches containing the left and right eyes of the head in accordance with the derivad displacemant vectar fiald, para 0005, The feature
vectors 34 are representations of the image patchas 33 that are suitable for use in looking up reference data 35 comprising referanca
displacement vector fields that represent transformations of the image patch and are associatad with possible values of the feature
vector, para 0055, The reference data 35 is obtained and analyzed in advance using a machine learning technique which darives the
form of the feature vectors 34 and associates the reference displacement vector fields with the possible values of the feature vectar, para
0058, The local image descriptors input inte the machine learning pracess are of types expected to provide discrimination betwean
differant individuals, although the specific local image dascriptors are selected and optimized by the machine leaming process itsslf, para
0070, In a first type of machine lsarning technique, the feature vactor may comprise features that are valuas derived from tha local image
descriptars in a discrete space, being binary values or values discretized into more than twe possible values. In this case, the machine
lsaming technique associatas a reference displacement vector field F derived from ths training input with each possible vatue of the
faature vector in the discrete spacs, so the reference data 35 is essentially a look-up table. This allows a refsrence displacemant vactor
field F to be simply selected from the reference data 35 on the basis of the feature vector 34 derived, para 0078}, and

the second reference data camprise second editing instructions for a range of possible configurations of the target feature and second
selection instructions for selecting editing instructions for a particular input patch from the second image editing instructions based an the
canfiguration of the target feature of the input patch (dariving a displacement vector field representing a transfarmation of an image
patch, using the derived feature vector to look up reference data comprising reference displacement vector fields associated with
possible values of the feature vector; and adjusting each image of the multi-view images by transforming the image patches containing
tha left and right eyes of the head in accordance with the denived displacement vector field, para 0005, The feature vectors 34 are
reprasantations of the image patches 33 that are suitable for use in looking up reference data 35 comprising reference displacemant
vector fields that represent transformations of the image patch and are associated with possible values of thae feature vactor, para 0055,
The refarence data 35 is obhtained and analyzed in advance using a machine learming technique which derives the farm of the feature
vectors 34 and associates the reference displacement vactor fields with the possible values of the feature vector, para 0056, The loca!
image dascriptors input into the machine learning process are of types expected to provide discrimination between diffarent individuals,
although the specific local image descriptors are selected and optimized by the machine leaming process itself, para 0070, In the case
that tha feature vecter 34 comprises features that are values in a discrete space and the reference displacemsent vector fields of the
reference data 35 camprise a reference displacement vector field associated with each possible value of the feature vactor in the discrete
space, then the displacement vector field for the image patch is derived by selecting the reference displacernent field associated with the
actual value of tha derived feature vactar 34, para 0095).

Ragarding claim 3, RealD further discloses that the configuration of the target feature of each input patch is representad by a feature
vector derived from plural local descriptors of the input patch, and the first and second selection instructions define how the feature
vector is used to salect editing instructions for the input patch (deriving a featura vector from plural local image descriptors of the image
patch in at least one image of the multi-view images; and deriving a displacement vector field representing a transformation of an image
patch, using the derived feature vactor to look up referenca data camprising refarence displacemant vector fields associated with
possible values of the feature vector, para 0005, The local image descriptors input into the machine leaming process are of types
axpected to provide discrimination betwaen different individuals, although the specific local image descriptors are selectad and optimized
by tha machine learning pracess itself, para 0070, the machine learning technique associates a reference displacemant vectar field F
derived from the training input with each possible value of the feature vector in the discrete space, so the reterence data 35 is essentially
a look-up table. This allows a reference displacement vector field F ta be simply selected from the reference data 35 on the basis of the
feature vector 34 denved, para 0076).

Regarding claim 4, RealD further discloses that the editing instructions comprise a displacement vector field defining how the input patch
is to be transfarmad {deriving a displacemant vector field representing a transfarmation of an image pateh, using the derived featurs
vactor to look up reference data comprising reference displacement vector fields associated with possible values of the feature vactor;
and adjusting each image of the multi-view images by ransforming the image patches containing the left and right eyas of the head in
accordance with the derivad displacemant vactor field, para 0005).
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Regarding claim 25, RealD discioses a methed of training a machine learning algorithm (Tha training input to the machina laaming
technique [l.e. wraining 8 maching leaming algorithm] is two sets of images, which may be stereoscapic pairs of images or maenoscopic
images, gara 0057, the machine leaming technique associates a reference displacement vector field F derived from the training input
with each possible value of the feature vector in the discrete spaca, sc the reference data 35 is essentially a look-up table, para 0076} to
adjust a digital representation of a head region {adjusting the sterecscapic pair of images, or more generally multi-view images, of a head
to correct the parceived gaze, para 0004, adjusting multi-view images of a head to correct gaze [i.e. adjusting a digital repressntation ot a
haad region], para 0005), comprising:

receiving training data (The capture device 10 includes a display 11 and a camera systam 12 comprises two cameras 13 used to capture
the stereoscopic pair of images cf the head of a source observer 14, para 0030, The training input to the machine learning technigue is
two sets of images [i.e. receiving training dataj, which may be sterscscopic pairs of images or monoscopic images, para 0057)
comprising:

a sat of input patches (in each image of tha multi-view images, identifying image patches [i.e. a sat of input patchas) containing the left
and right eyes of the head, respectively, para 00035). each input patch comprising a target feature of a digital representation of a head
ragion priar to adjustment of the digital representation of the head region {in each image of the multi-view images, identifying image
patches containing the left and right eyes of the head, respectively; in respect of the image patches containing the left eyes of the head in
each image of the multi-view images, and also in respect of the image patches containing the right eyes of the haad in each image of the
multi-view images [i.e. input patch comprising a target feature of a digital representation of a head region prior lo adjustment of the digital
representation of the head region], para 0005, the image patches input and autput images of each individuat are aligned in the
normalized coordinate system, para 0082}, wharein the target featura is the sams for each input patch {image patches containing the feft
and right eyes of the head, respectively are identified in each image 31 of the stareoscapic pair. FIG. 4 shows tha identiftad image
patchas 32 of the right eye in each image 31 [i.e. the target featurs is tha sama for each input patch], para 0048, image patches 32
containing tha laft and right eyes of the head are identified in each image 31 of the sterecscopic pair. This is dons by idantifying an imaga
patch 39 in each image 31 located arcund the identified points ("landmarks”) correspoending to fealures of an eye, para 0051}, and

first raferance data genarated by a pre-trained first machine leaming algarithm {Te derve a displacement vector field that represants the
transfarmation, a feature vector is derived from plural local image descriptors of the image patch in at least one image of the multi-view
images and used to look up reference data comprising reference displacement vector fields associated with possible values of tha
feature vector. The form of the feature vector may be derived in advance from the reference data using machine learning, para 0006, The
refarance data 35 is obtainaed and analyzad in advance using a machine learning technigue which derives the form of the feature vactors
34 and associates the reference displacement vector fields with the passible values of the feature vactor, para 0056, The training input to
tha machina leaming technique is two sats of images, which may be stereoscopic pairs af imagas or monoscopic images [ie. first
refarance data generatad by a pra-trainad first machine learning algorithm], para 0057, In a first type of machine learning technigue, the
feature vector may comprise features that are values derived from the local image descriptors in a discrete space, being binary values or
values discretized inte mare than twe possible valugs. In this case, tha machine learning technigue associates a reference displacemsnt
vector field F danived from the training input with each possible value of the feature vector in the discrete space, so the refaerence data 35
is essentially a loak-up table. This allows a reference displacement vector field F to be simply selected from the reference data 35 on the
basis of the feature vector 34 darived, para 0076}, the first reference data comprising a set of editing instructions in one-to-one
comespondence with the input patches, each editing instruction being for adjusting the digital representation of the head ragion (deriving
a displacement vactor field representing a transformation of an image patch, using the derived feature vector to look up reference data
comprising reference displacement vector fialds associated with possible values of the feature vector; and adjusting each image of the
multi-viaw imagas by transforming the image patches containing the left and right eyes of the head in accordance with the darived
displacament vector field (i.e. each editing instruction being for adjusting the digital representation of the head regian], para 0003, image
patches containing the left and right eyas of the head are identified and transformed. To derive a displacement vector fisld that
reprasents the transformation, a feature vectar is derived from plural local image descriptors of the image patch in at least one image of
the multi-view images and used to look up reference data comprising reference displacement vector fields assaciated with possible
values of the feature vector. The form of the feature vector may be derived in advance from the reference data using machine learning.
This method allows the gaze to be corrected, thereby raducing the discancarting effect of incorrect gaze when the multi-view images are
subsequently displayed, para 00086, The feature vectors 34 are represantations of the image patches 33 that arg suitable for use in
looking up reference data 35 comprising reference displacement vector fields that represent transformations of the image patch and are
associated with possible values of the feature vector, para 0055, The referenca data 35 is obtained and analyzed in advance using a
maching lsarning taechniqus which derives tha form of tha feature vectors 34 and associates the reference displacement vactor fields with
the possible vaiues of the feature vector, para 0056, the image patches input and output images of each individual are aligned in the
normalized coordinate system, para 0062, From an input and output image of each individual, there is derived a displacemant vector field
that represents the transformation of the image patch in the input image required to obtain the image patch of the output image [i.e. a set
of sditing instructions in one-to-one correspondence with the input patches), para 0D&3);

a pre-trainad second machine leaming algorithm trained to generate second reference data {In a second type of machine leaming
technique, the feature vactor may comprise features that are discrete values of the Iocal image descriptars in a continuous spaca. In this
case, the maching learming technique associates a refsrence displacement vactor field F derived from the training input with possibia
discrete values of the feature vectar in the continuous space. This allows a displacement vector field F to be derived from the reference
data 35 by interpolation from the referance displacement vector fields based on thae relationship between the feature vector 34 derivad
and tha valuas of the faature vactor associated with the rafarance displacemant vecter flelds [i.e. updating a pre-trained second machina
learning algorithm trained to generate second reference data], para 0083), the second reference data comprising editing instructions far
adjusting the digital representation of the head region {deriving a displacemsnt vector field representing a transformation of an image
patch, using the derived feature vectar to look up reference data camprising referance displacemant vactor fields associated with
possible values of the feature vector; and adjusting each image of the multi-view images by transforming the image patches containing
the left and right eyes of the head in accordance with the derived displacement vector field [i.e. the second reference data comprising
editing instructians for adjusting the digital representation of the head region], para 0005, image patches containing the loft and right eyes
of the haad are idantified and transformed. To derive a displacement vector field that represents the transformation, a fealure vector is
derived from plural local image descriptors of the image patch in at laast one image of the multi-view images and usad to look up
refaranca data comprising referenca displacement vector fialds associated with possible valuas of the faature vector. Tha form of the
feature vector may ba derived in advance from the referance data using machina learning. This methed allows tha gaza to be corracted,
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thareby raducing the disconcerting effect of incorrect gaze whan the multi-view images are subsequently displayed, para 0006, The
feature vactors 34 are reprasentations of the image patches 33 that are suitable for uss in looking up reference data 35 comprising
raferenca displacerment vector fields that represent transformations of the image patch and are assoriated with possible values of the
feature vector, para 0055, The reference data 35 is obtained and analyzed in advanca using a machine learning technique which derives
the form of the feature vectors 34 and associates the reference displacement vactor fields with tha possible values of the feature vectar,
para 0056).

RealD does not specifically disclose that the input far the updating comprises the training data and the generated first reference data.
However, Magic discloses that the input for the updating comprises the training data and the generated first reference data (receiving
ane or more sections of higher-quality visual data; training a hierarchical algorithm, wherein the hierarchical algernthm is operable to
increase the quality of one or more sections of lower-quality visual data to substantially reproduce the one or more sections of
higher-guality visual data; and outputting the hiararchical algerithm, pg 12 In 13-17, Training hiararchical algorithms can allow
enhancement andfor reconstruction models to be develeped for enhancing visual data in at least one emboediment, visual data can be
image data and/or video data, enhancement models can be daveloped to increase the accuracy of higher-quality visual data that can be
raproduced from lowsr-guality visual data in comparisen to original higher-guality visual data, knowledga of the original visual data can
allow tha hierarchical algorithm to be trained (and/or developed) basad on knowledge of both the original visual data and the low-quality
visual data (n order to train a hierarchical algorithm to substantially reproduce the original visual data from the low-quality visual data [i.e.
tha input for the updating comprises the training data and the generated first reference data), pg 12 In 18-27). It would have besn obvious
to one of ordinary skill in the art at the time of the invention to madify RealD with the teachings of Magic for the purpose of allowing the
hiararchical algorithm to be trained {and/or developed) based on knowledge of both the original visual data and the low-quality visual
data in order to train a higrarchical algorithm to substantially reproducs the original visual data from the low-quality visual data {Magic py
12 In 18-27).

Regarding ¢laim 26, modified RealD discloses the invention above, but RealD did not disclosa that the updating of the second machine
learning algorithm is parformed at or near input data frame rate. However, Magic discloses that the updating of the second machine
leaming algorithm is parformed at or near input data frame rata (the network is adapted for video supar-resolution with a meodification to
the input layer. Instaad of handling single framas independently, consacutive frames are jointly processed by feeding the canseculive
multi-frame data such that the input can be expressed or convarted into a thraa-dimansional vector of corresponding patches from
multiple frames such that the temporal changes betweesn consecutive frames are captured to the network. In an alternative embodiment,
fixgd temporal sampling can be used where videos have varying or different framerates, opticnally selecting the lowest frame rate when
the network is trained, pg 68 In 29 to pg 63 In 5). it would have been abvious to one of ordinary skill in the art at the time of tha invention
ta modify RealD with the teachings of Magic for the purpose of training the netwark (Magic pg 68 In 29 to pg 69 In 5}
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Regarding claim 27, RealD discloses a method of training a machine learning algarithm {The training input to the machine leaming
technique [i.e. training a machine laarning algarithm] is two sets of images, which may be sterecscopic pairs of images or monoscopic
images, para 0057, the machine learning technique associates a reference displacement vector field F derived from the training input
with each possible value of the feature vactor in the discrete space, so the reference data 35 is essentially a look-up table, para 0078) to
adjust a digital representation cof a head region (adjusting the sterecscopic pair of images, or more generally multi-view images, of a head
to corract the perceived gaze, para 0004, adiusting multi-view images of a head to corract gaze [i.e. adjusting a digital rapresentation of a
head region], para 0005}, the mathod cempnsing:

receiving training data (The capture device 10 includes a display 11 and a camera systam 12 comprises two cameras 13 used to capture
the stereoscopic pair of images of the head of a source observer 14, para 0030, Tha training input to the machine learning tachniqus is
two saets of images [i.e. receiving training data], which may be stereescopic pairs of images or mongscopic images, para 0057}
comprising a set of input digital represantations of a head region ({in each image of the multi-view images, identifying image patches
containing the left and right eyes of the head, respectively; in respect of the image patches containing the left eyes cf the head in each
image of the multi-view imagss, and alsa in respect of the image patches containing the right eyes of the head in each image of the
multi-view images [i.e. a set of input digital representations of a head region], para 0005},

training a first machine learning algorithm using tha training data (To derive a displacement vector field that represants the
transformation, a faature vactor is daerived from plural local image descriptors of the image patch in at least one image of the multi-view
images and used to laok up reference data comprising reference displacement vector fields associated with possible values of the
faatura vector. The form of the feature vector may be derived in advance from the reference data using machine leaming, para 0006, The
reference data 35 is obtained and analyzed in advance using a machine laarning technique which derives the farm of the feature vectors
34 and associates the reference displacement vector fields with the possible values of the feature vector, para 0056, The training input ta
the machine leaming technique is two sets of images, which may be sterecscopic pairs of images or monosgopic imagas [i.e. training a
first machine leamning algonithm using the training data), para 0057, In a first type of machine learning technique, the feature vector may
comprise features that are values derived from the local image descriptors in a discrete space, baing binary values or values discretized
intc mare than two possibla values, In this case, the machine laarning tachnique associates a reference displacement vactor fiald F
darived from the training input with each possible value of the feature vector in the discrate space, sa the rafarence data 35 is essantially
a lcok-up table. This allows a reference displacement vector fisld F to be simply selected from the referance data 35 on the basis of the
feature vector 34 derived, para 0076) to perform an adjustment of a digital representation of a head region (adjusling the stergoscopic
pair of images, or mora genarally multi-view images, of a head to correct the parceived gaze, para 0004, adjusting multi-view images of a
haad to correct gaze [i.e. perform an adjustment of a digital representation of a head regian], para D005);

using the trainad first machine learning algorithm to generate first refarence data (To derive a displacement vector field that represents
the transformation, a feature vector is derved from plural local image deseriptars of the image patch in at least ocne image of the
multi-view images and used to look up referenca data comprising reference displacement vector fields associated with possibla valuas of
the feature vector. The form of the feature vector may be derived in advance from the reference data using machine leaming, para 00086,
Tha reference data 35 is obtained and analyzed in advance using a machine learning technigue which derives the form of thg feature
vactors 34 and associates the reference displacement vector fialds with the possible values of the feature vector, para 0056, The training
input to the machine leaming technigue is two sats of images, which may be stereoscopic pairs of images or monoescopic images [i.e.
using the trained first machine learning algorithm to generate first reference data], para 0057, In a first type of machine learning
techniqua, the feature vector may comprisa features that are values derived from the local image descriptars in a discrete space, being
binary values or values discretized into more than two possible values. In this case, the machine learning technique asscciates a
referenca displacement vactor field F derived from the training input with each possible value of the feature vector in the discrete space,
50 the reference data 35 is essentially a lock-up table. This allows a reference displacement vector field F to ba simply sslected from the
referanca data 35 on the basis of the faature vaector 34 derived, para 0076), the first reference data comprising an adjusted digital
rapresentation of the head region for each of at least a subset of the input digital raprasentations (deriving a displacement vector field
reprasenting a transformation of an image patch, using the derived feature vectar to look up reference data comprising refarence
displacement vector fields assaociated with possible values of the feature vector; and adjusting each image of the multi-view images by
transforming the image patches containing the left and right eyes of the head in accordance with the derived displacement vector field
fi.e. the first reference data comprising an adjusted digital represantation of the head ragion for each of at least a subset of the input
digital reprasantations), para 0005, image patches containing tha laft and right eyes of the head are identified and transformed. To darive
a displacement vector fisld that reprasents the transformation, a feature vectar is derived from plural local image descripters of the image
patch in at least one image of the multi-view images and used to lock up referance data comprising refarence displacemant vector figlds
associated with possible values of the feature vector. The form of the faature vaectar may be derived in advance from the refarance data
using maching learning. This method allows the gazs to be corracted, thereby reducing the discancaerting effect of incorrect gaza when
the multi-view images are subsaguently displayed, para 0006, The featura vectors 34 are represantations of the image patchas 33 that
are suitable for use in Iooking up refarence data 35 comprising reference displacement vector fields that represent transformatians of the
image patch and are associated with possible values of the feature vector, para 0055, The reference data 35 is obtained and analyzed in
advance using a machine |learning technique which derives the form of the feature vectors 34 and assaciates the refarence displacement
vector fislds with the possibls values of the feature vector, para 0058}, each adjusted digita! represantation being obtained by performed
the adjustment that the first machine lsarning algorithm was trained to perform (A displacement vector fiald representing a transformatien
of an image patch is derived, using the derved feature vector to look up reference data comprising reference displacement vector fields
associated with possible values of the faatura vecter produced by machine learning. The multi-view images are adjusted by transforming
the image patches containing the Iaft and right eyes of the head in accardance with the derivad displacemant vactor field, abstract, aach
image 31 of the steraoscopic pair is adjustad by transforming the image patches containing the left and right eyes of the head in
accordance with the darived displacemsnt vector fialds 37. This produces an adjusted sterecscopic pair of images 38, in which the gaze
has been corrected [i.e. each adjusted digital representation being obtained by performed the adjustmeant that the first machine learning
algerithm was trained to perform], para 0116); and

training a sacond machine learning algorithm {In a second type of machine learning technique, the feature vector may comprise features
that are discrate valugs of the local image descriptors in a continucus space. In this case, the machine learning tachnigue associates a
refarence displacement vector field F derived from the training input with pussible discreta values of the fealure vactor in the continuous
space. This allows a displacement vactor field F to be derived from the referenca data 35 by interpolation from the reference
displacemant vector fields basad on the relationship between the feature vector 34 denived and the values of the feature vactar
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associated with the referenca displacament vactor fislds [i.e. training a second machine leaming algorithm} to parform the same
adjustment of a digital reprasentation of a head region as the first machine leaming algarithm (deriving a displacement vactor field
reprasanting a transformation of an imagse patch, using the derived feature vector to ook up reference data comprising reference
displacament vectar fields associated with possible values of the feature vector; and adjusting each image of the multi-view images by
transfarming the image patchas containing the left and right eyes of the head in accordance with the derived displacement vector fisld
[i.e. parform the same adjustment of a digital representation of a head region], para 0005, imags patches containing the left and right
gyes of the head are identifiled and transformed. To derive a displacement vector field that represents the transformation, a feature vector
is derived from plural local image descriptors of the image patch in at least one image of the multi-view images and used to lock up
reference data comprising reference displacement vector fields associated with possible values of the feature vector. The form of the
feature vector may be derived in advance from the refarsnce data using machinse learning. This method allows the gaze to be correctad,
thareby reducing the disconcerting effact of incorrect gaze when the multi-view images are subsequently displayad, para 0006, The
featura vactors 34 are reprasantations of the image patchas 33 that are suitable for use in looking up rafarence data 35 comprising
refarence displacement vector fields that represent transformations of the image patch and are associated with possible values of the
feature vector, para 0055, The raference data 35 is obtained and analyzed in advance using a machine learning technique which derives
the form of the feature vectors 34 and associates the reference displacement vector fialds with the possible values of the faature vactar,
para 0056).

RealD does not specifically disclose the second machine learning algerithm using at least a subset of the training data used to train the
first machine leaming algorithm and tha first reference data.

However, Magic discloses the second machine learming algorithm using at least a subset of the training data used to train the first
machine learning algarithm and the first referance data (receiving one or more sactions of higher-quality visual data; training a
higrarchical algorithm, wherein the hierarchical algorithm is oparable to increase the quality of one or more sections of lowar-quality
visual data to substantially reproduce the one or more sections of higher-guality visual data; and autputting the hisrarchical algorithm, pg
12 In 13-17, Training hierarchical algorithms can allow enhancement and/or reconstruction modals 1o be developad for enhancing visual
data in at least one embodiment, visual data can be image data andfor video data, enhancement models can be devaloped to increase
the accuracy of higher-quality visual data that can be reproducad from lower-quality visual data in comparisen to original higher-quality
visua! data, knowledge of the original visual data can allow the hierarchical algorithm to be trained (and/or developed) basad on
knowladge of bath the original visual data and the low-quality visual data in order to train a hierarchical algorithm to substantially
reproduce the original visual data from the low-quality visual data [i.a. the sacand machina learning algorithm using at laast a subset of
the training data used ta train the first machine learning algorithm and the first reference data], pg 12 In 18-27). It would have been
obvious to one of ordinary skill in the art at the time of the invention to modify RaalD with tha teachings of Magic for tha purpose of
allowing the hierarchical algorithm to be trainad (andfor developed) based on knowledge of both the ariginal visua! data and the
low-gquality visual data in order to train a hierarchical algorithm to substantially reproduce the original visual data from the low-guality
visual data {Magic pg 12 In 18-27).
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Regarding Claim 30, RealD fails to explicitly disclose further comprising receiving a further digital reprasentation of the head region and
using the updated or trained second machining leaming algorithm to adjust the further digital representation.

However, RealD teaches a pre-trained second machine leaming algerithm trained to generate second reference data (In a secand type
of machine learning tachnique, the feature vector may comprise features that are discrete values of the local image descriptors in a
continunus spaca. In this case, the machine learning technique associates a raference displacement vactor field F derived from the
training input with possible discrete values of the feature vector in the continucus space. This allows a displacemant vactor fisld F to be
derived from the referenca data 35 by interpolatian fram the reference displacement vector figlds based on the ralationship betwaen the
feature vector 34 derived and the values of the feature vector associated with the refarence displacement vector fields [i.e. updating a
pre-trained second machine learning algorithm trained to generate second reference data), para 0083) and adjust the digital
representation of the head region (deriving a displacement vector field representing a transformation of an imags patch, using the
derived feature vactor to look up reference data comprising reference displacement vector fields associated with possible values of the
feature vector; and adjusting each image of the multi-view images by transforming the image patchas containing the left and right eyes of
the head in accordance with the derived displacement vector field [i.e. the second reference data comprising editing instructions for
adjusting the digital reprasentation of the head region], para 0005, image patches containing the left and right eyes of the head are
identified and transformed. To derive a displacament vector field that represents the transformation, a featura vector is detived fram
plural local image descriptors of the image patch in at least one imaga of the multi-view images and used to look up reference data
comprising refarence displacement vactor fields associated with possibie values of the feature vector. The form of the feature vector may
be darived in advance from the refarence data using machina learning. This method allows the gaze to be corrected, thereby reducing
the disconcerting effect of incorrect gaze when the multi-view images are subsequently displayed, para 0006, The feature vectars 34 are
reprasentations of the image patches 33 that are suitable for use in looking up reference data 35 camprising reference displacement
vector fields that represent transtorrations of the imaga pateh and are assaciated with possible valuaes of the feature vector, para 0055,
The reference data 35 is obtained and analyzed in advance using a machine leaming technigue which derives the form of the featura
vectors 34 and associates the reference displacemant vector fields with the possible values of the feature vector, para 0038).

Further, Magic teachas updated algarithm (receiving one or more sections of higher-quality visual data; training a hierarchical algorithm,
wharain the hierarchical algonithm is operable to increase the gualily of ong or more sections of lower-guality visual data to substantially
reproduce the one of morse sections of higher-quality visual data; and ocutputting the hiararchical algorithm, pg 12 In 13-17, Training
hierarchical algorithms can allow enhancement and/or reconstruction models to be developed for enhancing visual data in at least one
embodiment, visual data can be image data andfor video data, enhancement models can be developed to increase the accuracy of
higher-quality visual data that can be reproduced from lowar-quality visual data in comparison te original higher-guality visual data,
knowiedge of the original visual data can allow the hisrarchical algorithm to be trained {and/or developed) based on knowladge of both
the original visual data and the low-quality visual data in arder to train a hierarchical algorithm to substantially reproducs the original
visual data from the low-quality visual data [i.e. the input for the updating comprises the training data and the generated first refarence
data), pg 12 In 18-27}

Furtharmora, defining an analysis and training of a learning algarithm to update the rapresentation as taught by RealD and Magic and the
specifics [updale the second algorithm for head representation] would involve routine skill in the art.

It would have been obvious to ons of ordinary skill in the art at the time of the invention to modify RealD with the teachings of Magic for
the purpose of allowing the higrarchical algerithm to be trained {and/or developed) based on knowledge of both the original visual data
and the low-guality visual data in order to train a hiararchical algerithm to substantially repreduca the originat visual data from the
low-quality visuai data (Magic pg 12 In 48-27}.
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Regarding claim 33, RealD discloses a device for generating referance data {The reference data 35 is obtained and analyzed in advance
[i.e. ganarating reference data} using a machina learning technique which derives the form of the feature vectors 34 and associatas the
raference displacement vector fields with tha possible values of the feature vectar, para 0056) for adjusting a digital representation of a
heaad region {adjusting the stereoscopic pair of images, or more ganerally multi-view images, of a head to correct the perceived gaze,
para D004, adjusting multi-view images of a head to correct gaze [i.e. adjusting a digital reprasentation of a head region], para 0005), the
device comprising a data processing unit (an image processor 30, para 0036) arranged 1o:

receive training data {The captura device 10 includes a display 11 and a camara system 12 comprises two cameras 13 used to capture
the sterecscopic pair of images of the head of a source observer 14, para 0030, The training input to the machine learning tachnique is
two sets of images [i.e. receiving training data], which may be stereoscopic pairs of imagas or monoscepic images, para 0057}
comprising:

a set of input patches {in each image of the multi-view images, idantifying image patches [i.e. a set of input pateches] containing the left
and right eyas of the head, respectively, para 0005), each input patch comprising information about a target featura of a digital
rapresentation of the head region prior to adjustment of the digital representation of the head ragion (in each image af the multi-view
images, identifying image patches containing the left and right eyes of the head, respectively; in respect of the image patches containing
the laft ayes of the head in each image of the multi-view images, and also in respect of the image patches containing the right eyas of the
head in each image of the multi-view images [i.e. input patch comprising & target featura of a digital representation of a head region prior
to adjustment of the digitat representation of the head region], para 0005, the image patches input and ocutput images of each individual
ara aligned in tha normalized coordinate systerm, para D062}, wherein the target feature is the same for each input patch (image patches
containing the left and right eyes of the head, respectively are identified in each image 31 of the stereoscaopic pair. FIG. 4 shows the
identified image patches 32 of the nght eye in each image 31 [i.e. the target feature is the same for sach input patch], para 0048, image
patches 32 cantaining the left and right eyes of the head are identified in each iImage 31 of the stereascopic pair. This is dons by
identifying an imaga patch 39 in each image 31 located around the identified points ("landmarks”) corresponding to features of an eye,
para DO51); and

a set of output patches in one-to-one correspondence with the input patches, each output patch comprising the target portion of the
digital representation of the head regian after adjustment of the digital representation of the head ragion (adjusting each imagse of the
multi-view images by transforming the image patches containing the left and right eyes of the head in accordance with the derived
displacement vector field, para 0005, image patchas epntaining the laft and right eyes of the head are identifiad and transfarmed, para
J006, the image patches input and output imagaes of each individual are aligned in the normalized coordinate system [i.e. a set of output
patchas in one-to-ane correspandance with the input patches), para 0062, From an input and output image of each individual, there is
derived a displacemeant veclor figld that represents the transformation of the image patch in the input image required to cbtain the image
patch of the output image [i.e. each output patch comprising the target feature of the digital reprasentation of the head region after
adjustment of the digital representation of the head region), para 0063, The displacement vector field F is chosen so that the image patch
of the ocutput image Qfx,y) is derived fram the image palch of the input image I{x,y)} [i.e. a set of output patches in cne-te-ona
correspondance with the input patches, each output patch comprising the target faature of the digital represantation of the head region
after adjustment of the digital representatian of the head region], para 0064},

use a first machine lsarning algorithm to generate first reference data using the training data (To derive a displacement vector fiald that
reprasants tha transformation, a featura vactor is derived from plural local image descriptors of the image patch in at least one image of
the multi-view images and used to look up referance data comprising reference displacement vector fields associated with possible
values of tha feature vector, The form of the faature vector may be derived in advance from the reference data using machina lgaring,
para 0006, The reference data 3% is obtained and analyzed in advance using a machine iearning technigue which derives the form of the
feature vectors 34 and associates the reference displacement vectar fields with the possible values of the feature vector, para 0086, The
training input to the machine {eaming technique is two sets of images, which may be stereoscopic pairs of images or monoscopic images
[ie. using a first machine learning algorithm to generate first reference data using the training data), para 0057, In a first type of maching
leaming technique, the feature vector may comprise features that ars values derived from the local image descriplors in a discrete space,
baing binary values or values discretized inta more than two possible values. In this case, the machine learning technique assaciates a
referance displacament vector field F derived from the training input with each possible value of the feature vector in the discrate space,
so the referance data 35 is essentially & lack-up table, This allows a reference disptacement vectar field F to be simply selected from the
referance data 35 on the basis of the feature vector 34 daerived, para B0786); and

usa a second maching leaming algorithm to ganarate second referance data (In a sacond type of machina lparning technique, the
feature vactor may comprise features that are discrete values of the local imaga descriptors in a continuous space. In this case, the
machine learning technigue associates a referance displacement vector field F darived from the training input with possible discrete
values of the feature vector in the continuous space. This allows a displacement vector field F to be derived from the reference data 35
by interpolation from the reference displacement vactor figlds basaed on the relationship between the feature vector 34 darived and the
values of the feature vector associated with the reference displacement vector fields [i.e. using a second machine leaming algarithm to
generate second reference data).

RealD does not spacifically disclose the second machine learning algerithm using the same training data as the first machine learning
algorthm and thae first reference data output by the first machine learning algerithm,

However, Magic discloses the second machine leaming algorithm using the same training data as the first machine leaming algorithm
and the first reference data autput by the first machine leaming algorithm (receiving ane or more sections of higher-quality visval data;
training a hierarchical algorithm, wherein the hierarchical algerithm is operable to increase the quality of one or more sections of
lower-quality visual data to substantially reproduce the one or more sections of higher-guality visual data; and outputling the hierarchical
algorithm, pg 12 In 13-17, Training hierarchical algarithms can allow enhancement and/or reconstruction models to be developed far
enhancing visual data in at least one embaodiment, visual data can be image data and/or video data, enhancement models can be
devaloped to increase tha accuracy of higher-quality visual data that can be reproduced from lower-quality visual data in comparison ta
criginal higher-quality visual data, knewledge of the original visual data can allow the hierarchical algorithm to be trained (and/or
developad) basad on knowladge of both the original visual data and the tow-quality visual data in order to train a hierarchical algorithm to
substantially reproduce the original visual data from tha low-guality visual data {i.e. the second machine laaming algorithm using the
same training data as the first machine tearning algorithm and the first reference data gensrated by the first machine learning algorithm],
pg 12 In 18-27}. It would have bean obvious ta one of ordinary skill in the art at the time of the invention to modify RealD with the
teachings of Magic for the purpose of allowing the hierarchical algorithm to be trained (andfor developed) based on knowledge of bioth
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the original visual data and the low-quality visual data in order to train a hierarchical algorithm to substantially reproduce the original
visual data from tha low-quality visual data (Magic pg 12 In 18-27}.

Regarding claim 36, RealD further disclosas further comprising a telecommunications interface arranged to transmit the adjusted digital
reprasentation over a telecommunications network to a destination device to allow display of the head region thareon (The image
processor 30 may be provided in the source device 10, the destination device 10 or in any other device, for sxample a serveron a
telecammunications network, which may be suitable in the case that the source device 10 and the destination device 10 communicate
over such a telecommunications natwark, para 0037, the source device 10 and the dastination device 10 communicate over such a
telscommunications netwerk 50, para 0141, the image processar 30 is provided In the source device 10 and is provided with the
stereoscopic pair of images directly from the camera system 12. The talecommunications interface 17 is aranged to transmit the
adjusted stereoscopic pair of images 38 over the telscommunications natwork 50 to the destination device 20 for display thereon, para
0142).

Claim 5 lacks an invantive stap under PCT Article 33(3) as being abviaus over RealD Spark, LLC (hereinafter RealD) in view of Magic
Pony Technology Limited et al. (hereinafter Magic) and Nourbakhsh.

Regarding claim 5, modified RealD discloses the invention above, but RealD did not disclose that the editing instructions comprise a filtar
field, a brightness adjustment field, or a texture blending field. However, Nourbakhsh is in the field of video calls and meetings (para
0001) and discloses that the editing instructions comprise a filter field {analyzes video frames for the orientations of B's head and gaze
direction, and uses imaga editing software to virtually correct the gaze direction of B's eye upward, toward B's ecamera, para 0002, The
logic calculates 670 the angular correction for the eyes. The lagic may then determine 680 filter parameters that set bounds on when eye
gaze direction correction will be applied at all, para 0046), a brightness adjustment field, or a taxture blanding field. It would have besn
pbvious to ane of ordinary skill in the art at the time of the invantion to modify RealD with the teachings of Nourbakhsh for the purpose of
automaltically adjusting eye gaza direction in a set of images to simulate eye-cantact {(Nourbakhsh para 0001},

Claims 20, 21, and 35 lack an inventive step under PCT Article 33(3) as being obvious over RealD Spark, LLC (hereinafter RealD) in
view of Rhodes.

Regarding claim 20, RealD discloses a method of adjusting a digital representation of a head region (adjusting the stereoscopic pair of
imagss, ar more generally multi-view images, of & head to correct the perceived gaze, para 0004, adjusting multi-view images of a head
to correct gaze [i.e. adjusting a digital repressntation of a head region], para 0005), the methad comprising:

identifying a target patch in the digita! representation of the head region, the target patch comprising a target featurae of the digital
representation of the head region {identifying image patchas containing the left and right eyes of the head, respectivaly; in respect of the
image patches cantaining the left eyes of the head in sach image of the multi-view images, and also in respect of the imags patches
containing the right eyes of the head in each image of the multi-view images [i.e. identifying a targat patch in the digital representation of
the head region, the target patch comprising a targat feature of the digital representation of the head region], para 0005}

deriving a feature vector from plural local descriptors of the target patch {deriving a feature vector from plural local image descriptors of
the image patch [i.e. deriving a feature vector fram plural local descriptors of the target patch] in at least one image of the multi-view
images, para 0003),

using the feature vector to selact aditing instructians from referance data, the rafersnce data comprising editing instructions for a rangse of
possibla values of the feature vector (deriving a displacement vector field representing a transformation of an image patch, using the
derived feature vectoer to look up reference data comprising reference displacement vactor fields associated with possible values of the
feature vectar, para 0005, the machine leamning technigue associates a reference displacement vactor field F derived from the training
input with each possible value of the feature vector in the discrete space, so the reference data 35 is essentially a look-up table. This
allows a rafarence displacement vector field F to be simply selected fram the reference data 35 on the basis of the feature vactor 34
derved [i.e. using the feature vector to select aditing instructions from reference data, the reference data comprising editing instructions
for a range of possible values of tha feature vector], para QU78); and

applying the selected editing instructions to tha target patch to adjust the digital representation of the head region (adjusting each image
of the multi-view imagas by transforming the image patches containing the left and right eyes of the head in accordance with the derived
displacement vectar field [i.e. applying the selected editing instructions to the target patch to adjust the digital representation of the head
region], para 0005, image patches cantaining the left and right eyes of the head are identified and transformed, para 0008, the machine
leaming technique associates a reference displacement vactor field F derived from the training input with each possible value of the
featura vector in the discrate space, so the reference data 35 is essentially a look-up table. This allows a reference displacament vector
field F 1o ba simply selected from the rafarance data 35 on the basis of the feature vector 34 derived, para 0076).

RealD does not spacifically disclosa that the aditing instructions in the reference data are provided in a comprassed reprasentation.
However, Rhodas is in the fleld of transmitting, receiving. and displaying data {abstract) and discloses that the editing instructions in the
reference data are provided in a compressed representation (After computing the discrete wavalet transform (DWT}, the data can be
compressad according to any type of compression tachnigue, such as, a variable threshelding mechanism governed by the embedded
zerotree wavalet (EZW} in which coefficients that are larger than a threshold may ba selected for transmission, para 0050, The additional
data subsequently transmittad can be data compressed using a lower amount of compression, if priaritization instructions (e.g.,
infarmation indicative of a gaze direction) are provided to the transmitter, the transmitter may encode data representing information about
the gaze diraction in better quality and less distortion than data representing other areas [i.a. the editing instructions in the reference data
are provided in @ compressed representation], para 0052). It would have been obvious to one of ordinary skill in the art at the time of the
invention to modify RealD with the teachings of Rhades for the purposa of lowering bandwidth (Rhodes abstract).
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Regarding claim 21, medified RealD discloses the invention above, but RealD did not disclose that the compressed representation
comprises one or more of the following: a principle component analysis representation; a wavelet reprasentation; Fourier andfor discrete
cosine transform components; cluster centres. Howaver, Rhodes disclosas that the compressed representation comprisas one or more
of the following: a principle component analysis representation; a wavelat representation {Any type of encading or compression
techniques may ba used, such as for examgple, a wavelet based technique {e g., such as discrete wavelet transform (DWT) or embedded
zerotree wavelet (EZW)), para 0050); Fourier and/er discrete cosine transforrm components; cluster centres. It would have been obvious
to one of ordinary skill in the art at the tims of the invention to medify RealD with the teachings of Rhodes for the purpose of lowering
bandwidth (Rhodes abstract}.

Regarding claim 35, RealD discloses a device for adjusting a digital represaentation of a head region {adjusting the stereoscapic pair of
images, or more generally multi-view images, of a head to correct the perceived gaze, para 0004, adjusting multi-view images of a head
to comract gaze [i.e. adjusting a digital representation of a head region], para 0005), the device comprising a data processing unit
arranged to process tha digital reprasentation of the head region (an image procaessor 30, para 0036, the image processor 30 is provided
in the source device 10 and is provided with the stereoscopic pair of images directly from the camara system 12. The
telacommunications interface 17 is arranged to transmit the adjusted starenscopic pair of images 38 over the telecommunications
network 50 to the destination device 20 for dispiay thereon [i.e. a data processing unit arranged to process the digital representation of
the head region], para 0142) by:

identifying a target patch in the digital representation of the head region, the target patch comprising informatian about a target faature of
the digital representation of the head region {identifying image patches containing the left and right eyes of the head, respectivaly; in
respect of the image patches containing the left eyes of the head in each image of the multi-view images, and also in respect of the
image patches containing the right eyes of the head in each image of the multi-view images [i.e. identifying a target patch in tha digital
representation of the head region, the target patch comprising a target feature of the digital representation of the head regiaon], para
0005);

deriving a feature vector fraom plural local descripters of the target patch {deriving a feature vector from plural local image descriptors of
the image patch [i.e. deriving a feature vector from plural lacal descriptors of the target patch] in at least one image of tha multi-view
images, para 0005},

using thae feature vector to salect editing instructions from reference data, the reference data comprising editing instructions for a range of
possible values of the feature vector (deriving a displacement vecter field ragrasenting a transformation of an image patch, using the
derived faature vector to look up refersnce data comprising reference displacement vectar fields associated with possible values of the
feature vector, para 0005, the machine learning technique associates a refarence displacement vector field F derived from the training
input with each possible value of the feature vactor in the discrete space, so the reference data 35 is essentially a look-up table, This
allows a referenca displacemeant vector field F to be simply salected from the reference data 35 on the basis of tha feature vector 34
darived [i.a. using the featura vector to selact editing instructions from reference data, the referance data comprising aditing instructions
for a range of possible values of the feature vector], para 0078); and

applying the sefectad aediting instructions to the target patch to adjust the digital representation of the head region (adjusting sach image
of the mulli-view images by transforming the image patcheas containing the left and right eyes of the haad in accordance with the derived
displacement vector field [i.e. applying the setected editing instructions 1o the target patch to adjust the digital representation of the head
region], para 0005, image patches containing the left and right eyes of the head are identified and transformed, para 0006, the machine
tearning tachnigue associates a reference displacerment vector field F derived from the training input with sach possible value of the
feature vector in the discrete space, so the refarence data 35 is essentially a loock-up table. This allows a reference displacement vactor
field F to ba simply selaected from the referance data 35 on the basis af the feature vector 34 derived, para 0078).

RealD does not spacifically disclose that the editing instructions in the reference data are provided in a compressed representation,
Howaver, Rhodes discloses that the editing instructions in the reference data are provided in a compressed represantation (After
computing the discrate wavelet transform [DWT), the data can be comprassed agcarding te any type of compression technique, such as,
a variable thresholding mechanism govemed by thg embedded zerotree wavelet (EZW) in which coefficients that are larger than a
threshold may be selected for transmission, para 0050, The additional data subsequently transmitted can be data compressed using a
lower amount of compression, if prioritization instructions (e.g., information indicative of a gaze direction} are provided to the transmittar,
the trangmittar may encode data representing information about the gaze direction in better quality and fess distortion than data
representing other areas [i.e. the editing instructions in the reference data are provided in a compressed representation], para 0052}, It
would have baen obvious to one of ordinary skill in the art at the time of the invention to modify RealD with the teachings of Rhodes for
the purpose of lowering bandwidth (Rhedes abstract)

Claims 2B and 29 lack an inventive step undar PCT Article 33(3) as being obvious over RealD Spark, LLC (hereinafter RealD) in view of
Wagic Pony Tachnology Limited et al. (hereinafter Magic) and Kaye et al. (hereinafter Kaya).

Regarding claim 28, modified RealD discloses the invention above, but RealD did not disclose that the adjustment of the digital
representation camprises converting from a two-dimensional digital representation to a three-dimensional digital representation.
However, Kaye is in the fisld of reconstructing a hidden surface area in an image {abstract) and discleses that the adjustment of the
digital representation comprises converting from a two-dimensional digital representation to a three-dimansional digital representation
{converting twa-dimensional images into threa-dimensicnal images, para 0037). It would have been obvious to cne of ordinary skill in the
art at the time of the invention to modify RealD with the teachings of Kaye for the purpose of converting two-dimensiona! {20) motion
picture images into three-dimensional {3D} mation picture images and to be able reduce or eliminate image artifacts that oceur in the
procass of applying depth to objects during the convarsicn of 2D images into 3D images (Kaye para 0002, 0008).
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Regarding claim 29, modified RealD discloses the invention above, but RealD did not disclose that the training of the first machine
learning algonithm comprises iteratively using a rendering process te generate a two-dimensienal digital representation from a
threa-dimensianal digital representation generatad by the first machine leaming algerithm and comparing the generated digital
reprasentation with a correspending digital represantation in the training data. However, Kaye discloses that tha training of the first
machine leaming algornthm comprises iteratively using a rendering process to generate a two-dimensicnat digital representation from a
thraa-dimensional digital reprasentation genarated by the first machine tearning algorithm and comparing the genarated digital
representation with a corresponding digital representation in the training data (An image region comparisen technique is usaed to
determina if an image region in an alternate frame contains missing image information hidden in the criginal frame, an image regian is
reprasentad as a 2-dimensional topological set. Basic point-sat topological operations then facilitate the pertinent region comparisons in
the reconstruction process, para 0045, a region of image discrepancy caused by the shift of the object is determined quantitatively. This
region is compared with the object's original region of definition in altermate frames to determine if any portion of the area of discrepancy
is uncoverad in thosse frames, para 0046, comparing image regions to determing if an image region in an alternate image contains
infermation missing from the image dus to the separation pixel gap. In ong embodimant, the step of comparing image regions further
includes tha steps of: reprasenting the image regiens as a two-dimensional topological sets; and amploying point-set topological
oparations for pertinant image region comparisons, para 0051). It would have been abvious to one of ordinary skill in the art at the tima of
the invention to modify RealD with tha teachings of Kaye for the purpose of detarmining if an image region in an alternate framea contains
missing image information hidden in the original frame (Kaye para 0045},

Claim 34 lacks an inventive step under PCT Article 33(3) as baing obvious over RealD Spark, LLC {hereinafter Raall}) in viaw of Magic
Pany Technology Limited et al. (hereinafter Magic) and Rhades.

Regarding claim 34, modified RealD discloses the invention abova, and RealD further discloses that the first referance data comprises
editing instructions for adjusting the digital representation of the head region for a range of possible digital representations of the head
region {deriving a displacemant vectar field repraesenting a transfarmation of an image patch, using the derivad feature vector to look up
rafarence data comprising reference displacement vector fields asscciated with possible values of the feature vector; and adjusting each
image of the multi-view images by transforming the image patchas containing the left and right eyes of the head in accordance with the
derived displacemant vector field [i.e. the first referance data comprising editing instructions for adjusting the digital representation of the
head ragion for a range of possible digital representations of the head region), para 0005, image patches containing the left and nght
eyes of the head are identified and transformed. To derive a displacement vector field that represents the transformation, a feature vector
is derived from plural local image descriptors of the image patch in at least one image of the multi-view images and used to ook up
rgfgrance data comprising reference displacement vector fields associated with possible valuas of the feature vector. The form of the
feature vector may be derived in advance from the reference data using machine learning. This method allows the gaze ta ba comected,
tharaby reducing the disconcerting affect of incorract gaze when the multi-view images are subsaquently displayed, para 0006, The
feature vectors 34 are representations of the image patches 33 that are suitable for use in lpoking up reference data 35 comprising
reference displacement vecter fields that represent transformations of the image patch and are associated with possible values of the
feature vector, para 0055, The reference data 35 is obtained and analyzed in advance using a machine learing technigue which derives
the form of the feature vectors 34 and associates the reference displacement vector fields with the possible values of the feature vector,
para Q056); and the second reference data comprises editing instructions for adjusting the digital representation of the head region for a
ranga of passible digital representations of the head region (deriving a displacement vecter field rapresanting a transformation of an
image patch, using the derived feature vector to look up reference data comprising reference displacament vector fields associated with
possible values of the feature vector; and adjusting each image of the multi-view images by transforming the image patches containing
the left and right eyes of the head in accordance with the derived displacernent vector field [i.e. the second refarance data comprising
editing instructions for adjusting the digital rapresentation of the head region for a range of possible digital representations of the head
region)], para 0005, image patches containing the left and right eyes of the head are identified and transformed. To derive a displacement
vector field that represenis the transformation, a feature vector is derived from plural local image descriptors of tha imaga patch in at
laast one image of the multi-view images and used to icok up referenca data comprising reference displacement vector fields associated
with possible values of the feature vectar. The farm of the feature veclor may he derived in advance from the raference data using
machine leaming. This method allows tha gaze to be corrected, thereby reducing the disconcerting effect of incomect gaze when the
multi-view images are subsequently displayed, para 0006, The feature vectars 34 are representations of the image patches 33 that are
suitable for use in looking up reference data 35 camprising reference displacement vector fields that represent transformations of the
imaga patch and are associatad with possible values of the feature vector, para 0055, The reference data 35 is obtained and analyzad in
advance using a machine leaming technigue which derives the form of the feature vectors 34 and associates the reference displacemant
vactar fields with the possible values of the featurs vactor, para 0056}, but RealD did not disclose that the sacond editing instructions in
the second reference data are provided in a comprassed representation. However, Rhodes disclases that the second editing instructions
in the second reference data are provided in a campressed represantation {After computing the discrete wavelst transform (DWT), the
data can be compressad according to any type of compression technigue, such as, a variable threshalding mechanism gavarned by tha
embedded zerotree wavelet {EZW} in which coefficients that are larger than a thrashold may ba selscted for transmission, para 0050,
The additional data subsequently transmitted can be data comprassed using a lower amount of compression, if prioritization instructions
{e.g., Information indicativa of a gaze direction} are provided to the transmitter, the transmitter may ancode data representing information
ahbout the gaze direction in better quality and |less distortion than data represanting other areas {i.e. the editing instructions in the
reference data ars provided in 8 compressad representation], para 0052). It would have been obvicus to one of ordinary skill in the art at
the time of the invention to modify RealD with the teachings of Rhodes for the purpose of lowering bandwidth {Rhodes abstract).

Claims 1-5, 20, 21, 25-30, and 33-36 meet the criteria set out in PCT Article 33{4), and thus have industrial applicability because the
subject matter claimed can be made or used in industry.
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PCT/US2018/045648 16.10.2018
PCT Application No.: PCT/US2018/045648

Date of Search: 01 October 2018

reverse generated two-dimensional digital representation from
three-dimensional digital representation

Computer Accessed Text Databases Searched
The Patent Analyst searched the following computer accessed text databases:

Google: https://www.google.com/

# Search query Results

1 adjust digital representaticn of head regicn 33,100,000

2 "REALD SPARK" 5,970

3 "REALD SPARK" adjust digital representation of head region 274

4 generate reference data for adjusting digital representation of 36,400,000
head region

5 generate reference data for adjusting digital representation of 28,100,000
head regicn receive training data

6 generate reference data for adjusting digital representation of 14,000,000
head regicn receive training data input patches

7 generate reference data for adjusting digital representation of 6,470,000

head region receive training data input patches comprising
target feature prior te adjustment

8 generate reference data for adjusting digital representation of 2,540,000
head region receive training data input patches comprising
target feature prior to adjustment output patches comprising
target feature after adjustment

g adjust digital representation of head region machine learning 5,280,000
algorithm generate reference data using training data
10 adjust digital representation of head region machine learning 915,000

algorithm generate reference data using training data adjust
range of possible digital representations

i adjust digital representation of head region editing instructions 5,690,000
comprise filter field

12 gaze correction editing instructions comprise filter field 610,000

13 gaze correction editing instructions in reference data provided 586,000
in compressed representation

14 gaze correction compress editing instructions reduce data 475,000
storage bandwidth

15 compress image editing instructions 29,300,000

16 compressed instructions for editing image 29,000,000

17 send compressed instructions to edit image 5,230,000

18 send compressed instructions to correct gaze 732,000

19 second machine learning aigorithm use same training data as 32,700,000

first machine learning algorithm and reference data generated
by first machine learning algorithm

20 image correction second machine learning algorithm use same 18,200,000
training data as first machine learning algorithm and reference
data generated by first machine learning algorithm

21 image correction second machine learning algerithm use same 7,570,000
training data as first machine learning algorithm and reference
data generated by first machine learning algorithm update
near input data frame rate
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pCT Appibeion NS R HATRRAE, 1 6.10.2018

Date of Search: 01 October 2018

22 second machine learning algorithm use same training data as 64,100,000
first machine learning algorithm and reference data generated
by first machine learning algorithm update near input data

frame rate
23 update machine learning algorithm near input data frame rate 24,400,000
24 update machine learning algorithm near input data "frame 360,000
rate"
25 convert from two-dimensional digital representation to three- 13,500,000

dimensional digital representation machine learning comparing
reverse generated two-dimensional digital representation from
three-dimensional digital representation

Google Schelar: https://scholar.google.com/

# Search query Results

1 adjust digital representation of head region 96,500

2 "REALD SPARK" 0

3 "REALD SPARK" adjust digital representation of head region 0

4 generate reference data for adjusting digital representation of 45,800
head region

5 generate reference data for adjusting digital representation of 27,300
head region receive training data

6 generate reference data for adjusting digital representation of 19,500
head region receive training data input patches

7 generate reference data for adjusting digital representation of 17.400

head region receive training data input patches comprising
target feature prior to adjustment

8 generate reference data for adjusting digital representation of 15,500
head regicn receive training data input patches comprising
target feature prior to adjustment output patches comprising
target feature after adjustment

9 adjust digital representation of head region machine {earning 28,200
algorithm generate reference data using training data
10 adjust digital representation of head region machine learning 19,400

algorithm generate reference data using training data adjust
range of possible digital representations

1 adjust digital representation of head regicn editing instructions 18,400
comprise filter field

12 gaze correction editing instructions comprise filter field 17,400

13 gaze correction editing instructions in reference data provided 15,000
in compressed representation

14 gaze correction compress editing instructions reduce data 2,970
storage bandwidth

15 compress image editing instructions 27,500

16 compressed instructions for editing image 39,400

17 send compressed instructions to edit image 23,500

18 send compressed instructions to correct gaze 19,400

19 second machine learning algerithm use same training data as 620,000

first machine learning algorithm and reference data generated
by first machine learning algarithm

20 image correction second machine learning algorithm use same 56,700
training data as first machine learning algorithm and reference
data generated by first machine learning algorithm
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PCT Appllaton No RO A0 B4 6-10.2018

Date of Search: 01 October 2018

21 image correction second machine learning algorithm use same 23,300
training data as first machine learning algorithm and reference
data generated by first machine learning algorithm update
near input data frame rate

22 second machine learning algorithm use same training data as 38,500
first machine learning algorithm and reference data generated
by first machine learning algorithm update near input data

frame rate
23 update machine learning algorithm near input data frame rate 61,800
24 update machine learning algorithm near input data “frame 18,600
rate”
25 convert from two-dimensional digital representation to three- 19,000

dimensional digital representation machine learning comparing
reverse generated two-dimensional digital representation from
three-dimensional digital representation

Date search was completed: 01 October 2018
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EFS ID: 35372198
Application Number: 16057566
International Application Number:
Confirmation Number: 5211
Title of Invention: Adjusting a digital representation of a head region
First Named Inventor/Applicant Name: Eric Sommerlade
Customer Number: 145234
Filer: Brian Edward Harris/Kristal Veliz
Filer Authorized By: Brian Edward Harris
Attorney Docket Number: 409001
Receipt Date: 08-MAR-2019
Filing Date: 07-AUG-2018
Time Stamp: 18:49:52
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
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4 Non Patent Literature ¢_and_autostereoscopic_displa no 15
= af: i i: 3
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Information:
2208080
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sition_2009.pdf
e7f99723e38ba5d91e8121f8095fdd8as52c9)
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Information:
455074
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1259623
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f33ef431a0f8bee75a4ed7d0cad8b9384a81
6ec3
Warnings:
Information:

Microsoft Exhibit 1002 - Page 2266
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



2799452
16 Non Patent Literature Travis_Backlight.pdf no 25
019f96ab53488340656efa302b4d 1356006
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Warnings:
Information:
453768
17 Non Patent Literature Travis_Collimated.pdf no 6
18b0cf4438e8d4c0799709c69b 87020206
Warnings:
Information:
199114
18 Non Patent Literature viola_cvpr_01.pdf no 9
6dde3dal2d1a10bd38e56032ed26c2eacs
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Information:
3095433
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|_Control_Techniques.pdf
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23 Non Patent Literature PCTUS2018-45648-ISR-WO.pdf no 25

99fa3a2d15b718f5ec3d3e6bSaleadBeeed
d40a

Warnings:

Information:

Total Files Size (in bytes)i 42772260

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Microsoft Exhibit 1002 - Page 2268
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPTO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/057,566 08/07/2018 Eric Sommerlade 409001
CONFIRMATION NO. 5211
145234 PUBLICATION NOTICE

RealD Spark, LLC

100 Nort Grescent Drve N
Suite 200

Beverly Hills, CA 90210

Title:Adjusting a digital representation of a head region

Publication No.US-2019-0051057-A1
Publication Date:02/14/2019

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 16/057,566
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE(S$) FEE($) RATE($) FEE($)
BASIC FEE
(7 CFR 1.16(2). b). o (<) N/A N/A N/A 75 N/A
SEARCH FEE
R i) N/A N/A N/A 330 N/A
EXAMINATION FEE
EXAINAION TEE N/A N/A N/A 380 N/A
TOTAL CLAIMS ' *
(37 CFR 1.16(i)) 36 minus 20= 16 50 = 800 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 6 minus 3 = 3 230 - 690
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 2275 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE($)
E AMENDMENT PAID FOR
w Total " -
s (37 oFg? 16(i) Minus = OR =
a Independent Minus =
E (37 R 1.16() = OR =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE®) FEE(S)
E AMENDMENT PAID FOR
LU Total Minus = =
= (37 ch ?160)) OR -
% Independent Minus = _ OR -
w (37 CFR 1.16(h)) - -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPTO.gOV

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
16/057,566 08/07/2018 2688 2355 409001 36 6
CONFIRMATION NO. 5211
145234 UPDATED FILING RECEIPT
RealD Spark, LLC
100 North Grescent Drive AU LGLARK GG O CERR A
Suite 200

Beverly Hills, CA 90210
Date Mailed: 11/02/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Eric Sommerlade, Oxford, UNITED KINGDOM;
Alexandros Neophytou, Oxford, UNITED KINGDOM,;
Applicant(s)
RealD Spark, LLC, Beverly Hills, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/542,661 08/08/2017
and claims benefit of 62/543,587 08/10/2017

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 08/24/2018
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 16/057,566
Projected Publication Date: 02/14/2019
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

Adjusting a digital representation of a head region
Preliminary Class
360
Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http//www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPTO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/057,566 08/07/2018 Eric Sommerlade 409001
CONFIRMATION NO. 5211
145234 INFORMAL NOTICE
RealD Spark, LLC
10 Noin GrsoentDrve L
Suite 200

Beverly Hills, CA 90210
Date Mailed: 11/02/2018

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.
+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Eric Sommerlade
Alexandros Neophytou

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

Iyteferra/
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 16/057,566
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE(S$) FEE($) RATE($) FEE($)
BASIC FEE
(7 CFR 1.16(2). b). o (<) N/A N/A N/A 75 N/A
SEARCH FEE
R i) N/A N/A N/A 330 N/A
EXAMINATION FEE
EXAINAION TEE N/A N/A N/A 380 N/A
TOTAL CLAIMS ' *
(37 CFR 1.16(i)) 36 minus 20= 16 50 = 800 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 6 minus 3 = 3 230 - 690
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 2275 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE($)
E AMENDMENT PAID FOR
w Total " -
s (37 oFg? 16(i) Minus = OR =
a Independent Minus =
E (37 R 1.16() = OR =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE®) FEE(S)
E AMENDMENT PAID FOR
LU Total Minus = =
= (37 ch ?160)) OR -
% Independent Minus = _ OR -
w (37 CFR 1.16(h)) - -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPTO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/057,566 08/07/2018 Eric Sommerlade 409001
CONFIRMATION NO. 5211
145234 FORMALITIES LETTER

RealD Spark, LLC

100 North Grescent Drive R LM AL A

Suite 200 0000
Beverly Hills, CA 90210

Date Mailed: 10/30/2018

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)
Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 10/26/2018 to the Notice to File Missing Parts
(Notice) mailed 08/27/2018 and it has been entered into the nonprovisional application. The reply, however,
does not include the following items required in the Notice. A complete reply must be timely filed to prevent
ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 08/27/2018
within which to file all required items and pay any fees required below to avoid abandonment. Extensions of time
may be obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

Items Required to Avoid Abandonment:

The required items noted below SHOULD be filed along with any items required above. The filing date of this
nonprovisional application will be the date of receipt of the items required above.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
« The drawings are not in compliance with 37 CFR 1.84 because figures 4# contain figure or view numbers
that have incorrect orientation. Reference characters, sheet numbers, and view numbers must be oriented
in the same direction as the view. See 37 CFR 1.84(p)(1).

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

ltems Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).
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+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Eric Sommerlade
Alexandros Neophytou

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

Iyteferra/
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APPLICATION NO. 16/057,566
ATTORNEY DOCKET NO. 409001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: RealD Spark, LLC

Title: Adjusting a digital representation of a head region

Application No.:  16/057,566 Filed: August 7, 2018
Examiner: TBD Group Art Unit: 2688

Atty. Docket No.: 409001 Conf. No.: 5211

Mail Stop Amendment

Commissioner for Patents CERTIFICATE OF FILING ELECTRONICALLY VIA EFS
P. O. Box 1450 37CFR18

Alexandria, VA 22313-1450

I HEREBY CERTIFY THAT I HAVE A REASONABLE BASIS FOR BELIEF THAT
THIS CORRESPONDENCE IS BEING SUBMITTED TO THE UNITED STATES
PATENT AND TRADEMARK OFFICE VIA EFS (ELECTRONICALLY) ON THE
DATE INDICATED BELOW, AND IS ADDRESSED TO:

MAIL STOP AMENDMENT

COMMISSIONER FOR PATENTS

PO BOX 1450

ALEXANDRIA, VA 22313-1450

[Penny L Lowry/
Penny L. Lowty, Reg. No. 57186

DATE OF SUBMISSION: OCTOBER 30,2018
ELECTRONIC FILING (EFS)

RESPONSE TO NOTICE TO FILE
MISSING PARTS OF A NON-PROVISIONAL APPLICATION

In response to the Notice to File Missing Parts of Non-provisional Application
mailed August 27, 2018, Applicants hereby respectfully submit the following:
1. Replacement drawing sheets (1/12 thru 12/12; and

2. Fees due.
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APPLICATION NO. 16/057,566
ATTORNEY DOCKET NO. 409001

REMARKS

Applicant notes that the replacement drawing sheets contain no new subject
matter.

The Examiner is requested to contact the undersigned Attorney of Record if such
would expedite the prosecution of the present Application. If the Commissioner
determines that any additional fees are due, the Examiner is requested to contact the
undersigned Attorney of Record for any such fees, referencing Attorney Docket Number
409001.

Respectfully submitted,

/Penny L Lowry/
Date: October 30, 2018

Penny L. Lowry
Reg. No. 57186

RealD Inc.

5700 Flatiron Parkway
Boulder, CO 80301
Tel: (303) 500-6030
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REPLACEMENT SHEET

Attorney Docket No. 408001

112

Microsoft Exhibit 1002 - Page 2280
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



REPLACEMENT SHEET

Attorney Docket No. 409001

212

/ IMAGES A
31

L]

DETECT HEAD
LOCATION

[

__| IDENTIFY IMAGE
52 PATCHES

Y
IMAGE PATCHES

]

DERIVE FEATURE
S3="1  VECTOR

]

FEATURE
40 VECTOR 35

{ 54 v ¢

30

g

St="

P

33

2

LOCATION DERIVE VECTOR REFERENCE
DATA FIELD DATA

Y
DISPLACEMENT
VECTOR FIELD

]

S5 ADJUST
IMAGES

|

ADJUSTED
IMAGES

FIG.3

Pa

37

38

s

Microsoft Exhibit 1002 - Page 2281
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



REPLACEMENT SHEET

Attorney Docket No. 409001
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REPLACEMENT SHEET

Attorney Docket No. 409001
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REPLACEMENT SHEET

Attorney Docket No. 409001
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REPLACEMENT SHEET

Attorney Docket No. 409001
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REPLACEMENT SHEET

Attorney Docket No. 409001
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REPLACEMENT SHEET

Attorney Docket No. 409001
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REPLACEMENT SHEET

Attorney Docket No. 409001
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REPLACEMENT SHEET

Attorney Docket No. 408001
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REPLACEMENT SHEET

Attorney Docket No. 409001
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REPLACEMENT SHEET

Attorney Docket No. 409001
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Electronic Patent Application Fee Transmittal

Application Number: 16057566

Filing Date: 07-Aug-2018

Title of Invention: Adjusting a digital representation of a head region
First Named Inventor/Applicant Name: Eric Sommerlade

Filer: Penny Lea Lowry/Stefan Bump

Attorney Docket Number: 409001

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Sub-Total in

Description Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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e . Sub-Total in
Description Fee Code Quantity Amount USD($)
Extension - 1 month with $0 paid 2251 1 100 100
Miscellaneous:
Total in USD ($) 100
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Electronic Acknowledgement Receipt

EFS ID: 34157242
Application Number: 16057566
International Application Number:
Confirmation Number: 5211

Title of Invention:

Adjusting a digital representation of a head region

First Named Inventor/Applicant Name:

Eric Sommerlade

Customer Number:

145234

Filer:

Penny Lea Lowry/Stefan Bump

Filer Authorized By:

Penny Lea Lowry

Attorney Docket Number: 409001
Receipt Date: 30-0CT-2018
Filing Date: 07-AUG-2018
Time Stamp: 12:42:53

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $100

RAM confirmation Number 103018INTEFSW12445200
Deposit Account 506262

Authorized User

Stefan Bump

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)

Microsoft Exhibit 1002 - Page 2294

Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document Document Description File Name File Slze(B)ftes)l Multl- .Pages
Number Message Digest | Part/.zip| (if appl.)
90003
1 Applicant Response to Pre-Exam 409001_Response_NTFMP.pdf no 2
Formalities Notice
e4cl2ecfced5ac319b9d64e8e2242f98abb7|
0ccd
Warnings:
Information:
130765
Drawings-only black and white line 409001_Replacement_sheets.
2 . no 12
drawings pdf
a4d43741f462c7217cab67f4d8207f5c3905
e7d6
Warnings:
Information:
30025
3 Fee Worksheet (SB06) fee-info.pdf no 2
dbafez6f s
Warnings:
Information:
Total Files Size (in bytes)1 250793

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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APPLICATION NO. 16/057,566
ATTORNEY DOCKET NO. 409001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: RealD Spark, LLC

Title: Adjusting a digital representation of a head region

Application No.:  16/057,566 Filed: August 7, 2018
Examiner: TBD Group Art Unit: 2688

Atty. Docket No.: 409001 Conf. No.: 5211

Mail Stop Amendment

Commissioner for Patents CERTIFICATE OF FILING ELECTRONICALLY VIA EFS
P. O. Box 1450 37CFR18

Alexandria, VA 22313-1450

I HEREBY CERTIFY THAT I HAVE A REASONABLE BASIS FOR BELIEF THAT
THIS CORRESPONDENCE IS BEING SUBMITTED TO THE UNITED STATES
PATENT AND TRADEMARK OFFICE VIA EFS (ELECTRONICALLY) ON THE
DATE INDICATED BELOW, AND IS ADDRESSED TO:

MAIL STOP AMENDMENT

COMMISSIONER FOR PATENTS

PO BOX 1450

ALEXANDRIA, VA 22313-1450

[Penny L Lowry/
Penny L. Lowty, Reg. No. 57186

DATE OF SUBMISSION: OCTOBER 26,2018
ELECTRONIC FILING (EFS)

PRELIMINARY AMENDMENT

Prior to examination, please amend the above-identified application as indicated

below.
Amendments to the Claims begin on page 2 of this paper.

Remarks begin on page 11 of this paper.

Page 10f 11
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Electronic Patent Application Fee Transmittal

Application Number: 16057566

Filing Date: 07-Aug-2018

Title of Invention: Adjusting a digital representation of a head region
First Named Inventor/Applicant Name: Eric Sommerlade

Filer: Penny Lea Lowry/Stefan Bump

Attorney Docket Number: 409001

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sul:’-s'l'g(t:)l in
Basic Filing:
UTILITY FILING FEE {(ELECTRONIC FILING) 4011 1 75 75
UTILITY SEARCH FEE 2111 1 330 330
UTILITY EXAMINATION FEE 2311 1 380 380
Pages:
Claims:
CLAIMS IN EXCESS OF 20 2202 16 50 800
INDEPENDENT CLAIMS IN EXCESS OF 3 2201 3 230 690

Miscellaneous-Filing:
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Description Fee Code Quantity Amount SuI:’-s'I';(t:)l in
LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2355
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Electronic Acknowledgement Receipt

EFS ID: 34130915
Application Number: 16057566
International Application Number:
Confirmation Number: 5211

Title of Invention:

Adjusting a digital representation of a head region

First Named Inventor/Applicant Name:

Eric Sommerlade

Customer Number:

145234

Filer:

Penny Lea Lowry/Stefan Bump

Filer Authorized By:

Penny Lea Lowry

Attorney Docket Number: 409001
Receipt Date: 26-0CT-2018
Filing Date: 07-AUG-2018
Time Stamp: 15:37:46

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $2355

RAM confirmation Number 102918INTEFSW15400400
Deposit Account 506262

Authorized User

Stefan Bump

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)
37 CFR 1.21 (Miscellaneous fees and charges)
File Listing:
Document Document Description File Name File Slze(B)ftes)l Multl- .Pages
Number Message Digest | Part/.zip| (if appl.)
113016
1 409001_Preliming;y_Amendm yes 1
ent-p 186a4579bce848bf3c748a4138ce6994e42h
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Arguments/Remarks Made in an Amendment 11 11
Claims 2 10
Preliminary Amendment 1 1
Warnings:
Information:
40419
2 Fee Worksheet (SB06) fee-info.pdf no 2
bb1e737172221add071f3ba79461cb784 13|
2cabe
Warnings:
Information:
Total Files Size (in bytes)4 153435
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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REMARKS

Claims 1-36 were originally filed. Claims 4-6, 9-16, 18-19, 22, 30-31, and 36 are
currently amended to remove multiple dependencies and to correct minor typographical
errors. No new matter has been added.

The Examiner is requested to contact the undersigned Attorney of Record if such
would expedite the prosecution of the present Application. No fees are believed due. If
the Commissioner determines that any fees are due, the Examiner is requested to contact
the undersigned Attorney of Record for any such fees, referencing Attorney Docket
Number 409001.

Respectfully submitted,

/Penny L Lowry/
Date: October 26, 2018

Penny L. Lowry
Reg. No. 57186

RealD Inc.

5700 Flatiron Parkway
Boulder, CO 80301
Tel: (303) 500-6030
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AMENDMENTS TO THE CLAIMS

1. (Original) A method of generating reference data for adjusting a digital
representation of a head region, the method comprising:
receiving training data comprising:
a set of input patches, each input patch comprising a target feature of a
digital representation of a head region prior to adjustment of the digital
representation of the head region, wherein the target feature is the same for each
input patch; and
a set of output patches in one-to-one correspondence with the input
patches, each output patch comprising the target feature of the digital
representation of the head region after adjustment of the digital representation of
the head region;
using a first machine learning algorithm to generate first reference data using the
training data, the first reference data comprising editing instructions for adjusting the
digital representation of the head region for a range of possible digital representations of
the head region; and

using a second machine learning algorithm to generate second reference data
using the same training data as the first machine learning algorithm and the first reference
data generated by the first machine learning algorithm, the second reference data
comprising editing instructions for adjusting the digital representation of the head region

for a range of possible digital representations of the head region.

2. (Original) The method of claim 1, wherein:

the first reference data comprise first editing instructions for a range of possible
configurations of the target feature and first selection instructions for selecting editing
instructions for a particular input patch from the first editing instructions based on the
configuration of the target feature of the input patch; and

the second reference data comprise second editing instructions for a range of

possible configurations of the target feature and second selection instructions for
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selecting editing instructions for a particular input patch from the second image editing

instructions based on the configuration of the target feature of the input patch.

3. (Original) The method of claim 2, wherein the configuration of the target
feature of each input patch is represented by a feature vector derived from plural local
descriptors of the input patch, and the first and second selection instructions define how

the feature vector is used to select editing instructions for the input patch.

4. (Currently amended) The method of claim 2 o3, wherein the editing
instructions comprise a displacement vector field defining how the input patch is to be

transformed.

5. (Currently amended) The method of claim 2 e#3, wherein the editing
instructions comprise a filter field, a brightness adjustment field, or a texture blending
field.

6. (Currently amended) The method of claim 2 any-ef-elaims2-5, wherein:

a first editing algorithm is used by the first machine learning algorithm to define
how the first editing instructions are to be applied to an input patch to derive an output
patch; and

a second editing algorithm is used by the second machine learning algorithm to
define how the second editing instructions are to be applied to an input patch to derive an

output patch.

7. (Original) The method of claim 6, wherein:

the second editing instructions are principle component analysis components of a
principle component analysis of the first editing instructions; and

the second image editing algorithm is configured to transform the second editing
instructions into the first editing instructions by inverse principle component analysis

transform.
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8. (Original) The method of claim 6, wherein:

the second editing instructions are wavelet components of the first editing
instructions; and

the second editing algorithm is configured to transform the second editing

instructions into the first editing instructions by inverse wavelet transform.

9. (Currently amended) The method of claim 2 any-efelaims2-8, wherein the first
selection instructions for the first reference data are able to select between a larger
number of alternative editing instructions than the second selection instructions for the

second reference data.

10. (Currently amended) The method of claim 1 any-preceding—elaim, wherein the
first machine learning algorithm is of a different machine learning algorithm type than

the second machine learning algorithm.

11. (Currently amended) The method of claim 1 anypreceding-elaim, wherein the
first machine learning algorithm comprises one or more of the following: a neural

network; a support vector machine; and a generative adversarial network (GAN)}:-GAN.

12. (Currently amended) The method of claim 1 any-preceding—elam, wherein the
second machine learning algorithm comprises one or more of the following: a regression

forest; regression ferns, cluster centres, a lookup table, and separable filter banks.

13. (Currently amended) The method of claim 1 anyefelaims3—0, wherein the first
machine learning algorithm comprises a first neural network and the second machine
learning algorithm comprises a second neural network, wherein the second neural
network comprises fewer layers and/or smaller convolution fields than the first neural

network.

14.  (Currently amended) The method of claim 1 anyprecedingelaim, wherein the

target feature comprises one or more of the following: an eye region comprising at least
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part of an eye, a nose region comprising at least part of a nose, a mouth region
comprising at least part of a mouth, a chin region comprising at least part of a chin, a

neck region comprising at least part of a neck, and a hair region comprising hair.

15. (Currently amended) The method of claim 1 anyefelaims4—3, wherein:

the target feature comprises an eye region comprising at least part of an eye and
the adjustment of the digital representation of the head region comprises adjusting a gaze
direction;

the target feature comprises a nose region comprising at least part of a nose and
the adjustment of the digital representation of the head region comprises adjusting a
shape and/or texture of the nose;

the target feature comprises a chin region comprising at least part of a chin and
the adjustment of the digital representation of the head region comprises adjusting a
shape and/or texture of the chin;

the target feature comprises a neck region comprising at least part of a neck and
the adjustment of the digital representation of the head region comprises adjusting a
shape and/or texture of the neck; and/or

the target feature comprises a hair region comprising hair and the adjustment of

the digital representation of the head region comprises adjusting a color of the hair.

16. (Currently amended) The method of claim 1 anypreceding-elaim, wherein the
second editing instructions in the second reference data are provided in a compressed

representation.

17. (Original) The method of claim 16, wherein the compressed representation
comprises one or more of the following: a principle component analysis representation; a
wavelet representation; Fourier and/or discrete cosine transform components; cluster

centers.

18. (Currently amended) A method of adjusting a digital representation of a head

region, the method comprising
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receiving a digital representation of a head region; and
using reference data comprising editing instructions to adjust the digital
representation of the head region, wherein the reference data comprises the second
reference data generated by the method of claim 1 any-efelatms+17.

19. (Currently amended) A method of adjusting a digital representation of a head
region, the method comprising:

identifying a target patch in the digital representation of the head region, the target
patch comprising a target feature of the digital representation of the head region;

deriving a feature vector from plural local descriptors of the target patch;

using the feature vector to select editing instructions from reference data, the
reference data comprising editing instructions for a range of possible values of the feature
vector; and

applying the selected editing instructions to the target patch to adjust the digital
representation of the head region, wherein:

the reference data comprises the second reference data generated by the method of

claim 1 any-ofelatms+17.

20. (Original) A method of adjusting a digital representation of a head region, the
method comprising:

identifying a target patch in the digital representation of the head region, the target
patch comprising a target feature of the digital representation of the head region;

deriving a feature vector from plural local descriptors of the target patch;

using the feature vector to select editing instructions from reference data, the
reference data comprising editing instructions for a range of possible values of the feature
vector; and

applying the selected editing instructions to the target patch to adjust the digital
representation of the head region, wherein:

the editing instructions in the reference data are provided in a compressed

representation.
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21. (Original) The method of claim 20, wherein the compressed representation
comprises one or more of the following: a principle component analysis representation; a
wavelet representation; Fourier and/or discrete cosine transform components; cluster

centres.

22, (Currently amended) The method of claim 18 any-efelaims18-2+, wherein a
plurality of the digital representations of the head region are received and adjusted, each
digital representation being captured from the head region at a different point in time, and
the method further comprises updating the second machine learning algorithm using
editing instructions generated by the first machine learning algorithm using one or more

of the received and adjusted digital representations.

23. (Original) The method of claim 22, wherein the updating of the second

machine learning algorithm is performed at or near input data frame rate.

24, (Original) The method of claim 23, wherein only a subset of the received and

adjusted digital representations are used to update the second machine learning algorithm.

25. (Original) A method of training a machine learning algorithm to adjust a
digital representation of a head region, comprising:
receiving training data comprising:

a set of input patches, each input patch comprising a target feature of a
digital representation of a head region prior to adjustment of the digital
representation of the head region, wherein the target feature is the same for each
input patch; and

first reference data generated by a pre-trained first machine learning
algorithm, the first reference data comprising a set of editing instructions in one-
to-one correspondence with the input patches, each editing instruction being for
adjusting the digital representation of the head region;
updating a pre-trained second machine learning algorithm trained to generate

second reference data, where the input for the updating comprises the training data and
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the generated first reference data, the second reference data comprising editing

instructions for adjusting the digital representation of the head region.

26. (Original) The method of claim 25, wherein the updating of the second

machine learning algorithm is performed at or near input data frame rate.

27. (Original) A method of training a machine learning algorithm to adjust a
digital representation of a head region, the method comprising:

receiving training data comprising a set of input digital representations of a head
region;

training a first machine learning algorithm using the training data to perform an
adjustment of a digital representation of a head region;

using the trained first machine learning algorithm to generate first reference data,
the first reference data comprising an adjusted digital representation of the head region
for each of at least a subset of the input digital representations, each adjusted digital
representation being obtained by performed the adjustment that the first machine learning
algorithm was trained to perform; and

training a second machine learning algorithm using at least a subset of the training
data used to train the first machine learning algorithm and the first reference data to
perform the same adjustment of a digital representation of a head region as the first

machine learning algorithm.

28. (Original) The method of claim 27, wherein the adjustment of the digital
representation comprises converting from a two-dimensional digital representation to a

three-dimensional digital representation.

29. (Original) The method of claim 28, wherein the training of the first machine
learning algorithm comprises iteratively using a rendering process to generate a two-
dimensional digital representation from a three-dimensional digital representation
generated by the first machine learning algorithm and comparing the generated digital

representation with a corresponding digital representation in the training data.
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30. (Currently amended) The method of claim 25 any-efelaims25-29, further
comprising receiving a further digital representation of the head region and using the
updated or trained second machining learning algorithm to adjust the further digital

representation.

31 (Currently amended) A computer program capable of execution by a processor
and arranged on execution to cause the processor to perform a method according to claim

1 any-oftheprecedingelaims.

32. (Original) A computer readable storage medium storing a computer program

according to claim 31.

33. (Original) A device for generating reference data for adjusting a digital
representation of a head region, the device comprising a data processing unit arranged to:
receive training data comprising:

a set of input patches, each input patch comprising information about a
target feature of a digital representation of the head region prior to adjustment of
the digital representation of the head region, wherein the target feature is the same
for each input patch; and

a set of output patches in one-to-one correspondence with the input
patches, each output patch comprising the target portion of the digital
representation of the head region after adjustment of the digital representation of
the head region,
use a first machine learning algorithm to generate first reference data using the

training data; and
use a second machine learning algorithm to generate second reference data using
the same training data as the first machine learning algorithm and the first reference data

output by the first machine learning algorithm.

34, (Original) The device of claim 33, wherein:
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the first reference data comprises editing instructions for adjusting the digital
representation of the head region for a range of possible digital representations of the
head region;

the second reference data comprises editing instructions for adjusting the digital
representation of the head region for a range of possible digital representations of the
head region;

the second editing instructions in the second reference data are provided in a

compressed representation.

35. (Original) A device for adjusting a digital representation of a head region, the
device comprising a data processing unit arranged to process the digital representation of
the head region by:

identifying a target patch in the digital representation of the head region, the target
patch comprising information about a target feature of the digital representation of the
head region;

deriving a feature vector from plural local descriptors of the target patch;

using the feature vector to select editing instructions from reference data, the
reference data comprising editing instructions for a range of possible values of the feature
vector; and

applying the selected editing instructions to the target patch to adjust the digital
representation of the head region, wherein:

the editing instructions in the reference data are provided in a compressed

representation.

36. (Currently amended) The device of claim 35 any-efelatms33-35, further
comprising a telecommunications interface arranged to transmit the adjusted digital
representation over a telecommunications network to a destination device to allow

display of the head region thereon.
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

Alexandria, Virginia 22313-1450
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| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/057,566 08/07/2018 Eric Sommerlade 409001
CONFIRMATION NO. 5211
145234 FORMALITIES LETTER
RealD Spark, LLC
10 Noin GrsoentDrve A
Suite 200

Beverly Hills, CA 90210
Date Mailed: 08/27/2018

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
ltems Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
+ The application search fee must be submitted.
+ The application examination fee must be submitted.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
+ The drawings are not in compliance with 37 CFR 1.84 because figures 4# contain figure or view numbers
that have incorrect orientation. Reference characters, sheet numbers, and view numbers must be oriented
in the same direction as the view. See 37 CFR 1.84(p)(1).

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

« Additional claim fees of $ 2300 as a small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

« Surcharge as set forth in 37 CFR 1.16(f) must be submitted.

The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
« late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.
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The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms
PTO/SB/15A and 15B.)

«$ 75 basic filing fee.

+$ 80 surcharge.

+$ 330 search fee.

+ $ 380 examination fee.

« $ 690 for 3 independent claims over 3.

«$ 1200 for 24 total claims over 20.

« $ 410 for multiple dependent claim surcharge.

+ $(0) previous unapplied payment amount.

+$ 3165 TOTAL FEE BALANCE DUE.

ltems Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Eric Sommerlade
Alexandros Neophytou

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
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Non-Publication Request: No

Early Publication Request: No
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Title
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Preliminary Class
360
Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http//www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Attorney Docket Number 409001

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Adjusting a digital representation of a head region

The application data sheet is part of the provisional or nonprovisicnal application for which it is being submitted. The following form contains the
biblicgraphic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document
may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 37
CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Eric Sommerlade
Residence Information (Select One) {©) USResidency {(® Non US Residency (O Active US Military Service
City Oxford Country of Residence i GB
Mailing Address of Inventor:
Address 1 100 N. Crescent Drive
Address 2 Suite 200
City | Beverly Hills ‘ State/Province | CcA
Postal Code 906210 Country i us
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Alexandros Neophytou

Residence Information (Select One) (O USResidency {(® Non US Residency (O Active US Military Service

City Oxford Country of Residence i GB
Mailing Address of Inventor:
Address 1 100 N. Crescent Drive
Address 2 Suite 200
City Beverly Hills ‘ State/Province | CcA
Postal Code 90210 ‘ Country i us

All Inventors Must Be Listed - Additional Inventor Information blocks may be generated
within this form by selecting the Add button.
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Attorney Docket Number 409001

Application Data Sheet37 CFR 1.76

Application Number

Title of Invention Adjusting a digital representation of a head region

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 145234

Email Address patpros@reald.com | [ AddEmail | | Remove Email

Application Information:

Title of the Invention Adjusting a digital representation of a head region

Attorney Docket Number | 409001 Small Entity Status Claimed X

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication (if any) 3

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s} below (i.e,, “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of afiling date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57{a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country -
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under 35U5.C

[] 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of an
application filed in another country, or under a multilateral international agreement, that requires publication at eighteen
months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer Number
will be used for the Representative Information during processing.
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Application Data Sheet37 CFR 1.76

Application Number

Title of Invention Adjusting a digital representation of a head region

Please Select One: (®) Customer Number ‘ (O US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number

Prefix Given Name Middle Name Family Name Suffix
Registration Number
Prefix Given Name Middle Name Family Name Suffix

Registration Number

Additional Representative Information blocks may be generated within this form by
selecting the Add button.

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.C. 119(e), 120, 121, 365(c), or 386(c) or indicate National
Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes the specific
reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status

Pending

Prior Application Status | Pending
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number {YYYY-MM-DD)
Claims benefit of provisional 62542661 2017-08-08

Remove

Application Number

Continuity Type

Prior Application Number

Filing or 371(c) Date
{YYYY-MM-DD)

Claims benefit of provisional

62543587

2017-08-10

Additional Domestic Benefit/National Stage Data may be generated within this form by
selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application that is eligible
for retrieval under the priority document exchange program {PDX) the information will be used by the Office to automatically attempt retrieval
pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a copy of the foreign
application is received by the Office from the participating foreign intellectual property office, or a certified copy of the foreign priority
application is filed, within the time period specified in 37 CFR 1.55{g}{1).
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Attorney Docket Number 409001

Application Number

Title of Invention Adjusting a digital representation of a head region

Application Number

CountryI

Filing Date (YYYY-MM-DD)

Access Codei(if applicable)

button.

Additional Foreign Priority Data may be generated within this form by selecting the Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition

Applications

[] 16,2013

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Application Number

Title of Invention Adjusting a digital representation of a head region

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written authority to
permit a participating foreign intellectual property (IP) office access to the instant application-as-filed {see paragraph A in
subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant application (see
paragraph B in subsection 1 belowy).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an application.
After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind authorization for access
by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 {opt-out of authorization) is checked, the undersigned
hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office (JPO), the Korean
Intellectual Property Office (KIPQO), the State Intellectual Property Office of the People’s Republic of China {SIPO), the World
Intellectual Property Organization {WIPQO), and any other foreign intellectual property office participating with the USPTO in a
bilateral or multilateral priority document exchange agreement in which a foreign application claiming priority to the instant
patent application is filed, access to: (1) the instant patent application-as-filed and its related bibliographic data, (2) any foreign
or domestic application to which priority or benefit is claimed by the instant application and its related bibliographic data, and
(3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search results from
the instant patent application when a European patent application claiming priority to the instant patent application is filed. See
37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a copy of
search results from the instant application without delay in a European patent application that claims priority to the instant
application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with any
documents and information identified in subsection 1A above.

7 B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the application in
accordance with 37 CFR 1.14.
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Application Data Sheet37 CFR 1.76

Application Number

Title of Invention Adjusting a digital representation of a head region

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to have
an assignment recorded by the Cffice.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. The
information to be provided in this secticn is the name and address of the legal representative who is the applicant under 37 CFR 1.43; or the
name and address of the assignee, person to whom the inventor is under an obligation te assign the invention, or person who otherwise shows
sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an applicant under 37 CFR 1.46 (assignee,
persen to whom the inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest) together with one or more
joint inventors, then the joint inventor or inventors who are also the applicant should be identified in this section.

@ Assignee O Legal Representative under 35 US.C. 117 O Joint Inventor

O Person to whom the inventer is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name RealD Spark, LLC

Mailing Address Information For Applicant:

Address 1 100 N. Crescent Drive

Address 2 Suite 200

City Beverly Hills State/Province CA
CountryI us Postal Code 90210
Phone Number 303-500-6151 Fax Number

Email Address patpros@reald.com

Additional Applicant Data may be generated within this form by selecting the Add button.

WEB ADS5 1.0

Microsoft Exhibit 1002 - Page 2325
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



PTO/AIA/14 (08-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number 409001

Application Data Sheet37 CFR 1.76

Application Number
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Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of
CFR to have an assignment recorded by the Office.

Assignee 1
Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent application
publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application publication as an
applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the patent application
publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.
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409001
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Adjusting a digital representation of a head region

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application Data Sheet
is submitted with the INITIAL filing of the application and either box A or B is not checked in subsection 2 of the
“Authorization or Opt-Out of Authorization to Permit Access” section, then this form must also be signed in accordance
with 37 CFR 1.14{c).
This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.
g.. corporation or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner,
all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g.,
see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature

/Penny L. Lowry/

Date (YYYY-MM-DD)

First Name

Penny L.

Last Name

Lowry

Registration Number 57186
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Adjusting a Digital representation of a Head Region

TECHNICAL FIELD

g1} This application relates to adjusting a digital representation, such as an image or a three-
dimensional geometrical representation, of a head region, particularly a facial and/or neck
region. The application relates particularly to adjusting target features of the digital
representation of the head region, for example to correct a perceived gaze direction of eyes, or to

modify the texture and/or shape of features such as the nose, mouth, chin or neck.

BACKGROUND

{62} In many systems, images of a head, which may comprise single images at different
times, or stereoscopic pairs of images or other multi-view images, may be captured in one device
and displayed on a different device for viewing by an cbserver. Gne non-limitative example is a
system for performing teleconferencing between two telecommunications devices. In that case,
each device may capture images of the observer of that device and transmit them to the other
device over a telecommunications network for display and viewing by the observer of the other
device. Digital representations other than images and/or complementary to images may also be
captured, for example using depth measurements {(e.g. using a time-of-flight camera).

[03] When an image or other digital representation of a head is captured and displayed, the
caze of the head may not be directed at the observer. This may be caused for example by the
gaze of the head not being directed at the sensing system (e.g. camera system) used o capture
the digital representation {e.g. image), for example because a user whose head is imaged is
observing a display in the same device as a camera system and the camera system is offset above
{or below) that display. In that case, the gaze in the displayed images will be perceived to be
downwards (or upwards). The human visual system has evolved high sensitivity to gaze during
social interaction, using cues gained from the relative position of the inis and white sclera of
other observers. Errors in the perceived gaze are disconcerting. For example in a system for
performing teleconferencing, errors in the perceived gaze can create unnatural interactions
between the users.

{04} The present disclosure is concerned with processing techniques (e.g. image processing
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techniques) for adjusting digital representations (e.g. images) of a head region to correct the
perceived gaze and/or to improve other aspects of a computer-generated display of the head
segion. The present disclosure is particularly concermed with implementing such processing
techniques with minima! demands on computer hardware and/or power such that they provide

results at or near toput data frame rate or user feedback requirements.

BRIEF SUMMARY

[65] According to a first aspect of the present disclosure, there is provided a method of
generating reference data for adjusting a digital representation of a head region, the method
comprising: receiving training data comprising: a set of input patches, each input patch
comprising a target feature of a digital representation of a head region prior to adjustment of the
digital representation of the head region, wherein the target feature is the same for each input
patch; and a set of output patches in one-to-one correspondence with the input patches, each
output patch comprising the target feature of the digital representation of the head region after
adjustment of the digital representation of the head region; using a first machine learning
algorithm to generate first reference data using the training data, the first reference data
comprising editing instructions for adjusting the digital representation of the head region for a
range of possible digital representations of the head region; and using a second machine learning
algorithm to generate second reference data using the same iraining data as the first machine
learning algorithm and the first reference data generated by the first machine learning algorithm,
the second reference data comprising editing instructions for adjusting the digital representation
of the head region for a range of possible digital representations of the head region.

[86] The described use of two machine learning algorithms allows an improved balance to be
achieved between accuracy of the adjustment process and speed of execution. The first machine
fearning algorithm can be configured to provide highly detailed first reference data, which
provides high accuracy. Use of this first reference data directly in a processing technigue {(e.g.
image processing technique) to adjust a digital representation {e.g. image or three-dimensional
geometrical representation) of a head region would be relatively expensive in terms of
computational resources because of the high level of detail. By arranging instead for the first

reference data to be provided to a second machine learning algorithm, which provides, based on
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the first reference data and the original training data, the reference data (the second reference
data) that is to be used for the adjustment of the digital representation of the head region, it is
possible to benefit to an extent from the high accuracy of the first machine learning algorithm
whilst also providing reference data that is less detailed and thus easier to process efficiently
when performing the adjustment of the digital representation of the head region. The quality of
the reference data provided by the second machine leaming algorithm is found to be significantly
improved when the second machine learning algorithm is provided with both the first reference
data and the training data in comparison to when the second machine learning algorithm is
provided only with the training data.

{677 Ip an embodiment, efficiency ts further improved by providing editing instructions (e.g.
image edifing instructions) in the second reference data in a compressed representation. The use
of a compressed representation reduces data storage and bandwidth requirements during use of
the editing instructions to perform adjustment of a digital representation of a head region.

[88] According to a second aspect of the present disclosure, there is provided a device
configured to perform a similar method to the first aspect of the invention,

[09] According to a third aspect of the present disclosure, there is provided a method of
adjusting a digital representation of a head region, the method comprising: identifying a target
patch in the digital representation of the head region, the target patch comprising a target feature
of the digital representation of the head region; deriving a feature vector from plural local
descriptors of the target patch; using the feature vector to select editing instructions from
reference data, the reference data comprising editing instructions for a range of possible values
of the feature vector; and applying the selected editing instructions to the target patch to adjust
the digital representation of the head region, wherein the editing instructions in the reference data
are provided in a compressed representation,

{10} According to a fourth aspect of the present disclosure, there is provided a device
configured to perform a similar method of the third aspect of the invention.

{11} The use of a compressed representation reduces data storage and bandwidth
requirements.

[12] According to a fifth aspect of the present disclosure, there is provided a method of

iraining a machive learning algorithm to adjust a digital representation of a head region,
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comprising. receiving training data comprising: a set of input patches, each input patch
comprising a target feature of a digital representation of a head region prior to adjustment of the
digital representation of the head region, wherein the target feature is the same for each input
patch; and first reference data generated by a pre-trained first machine learning algorithm, the
first reference data comprising a set of editing instructions in one-to-one correspondence with the
input patches, each editing instruction being for adjusting the digital representation of the head
region; updating a pre-trained second machine learning algorithm trained to generate second
reference data, where the input for the updating comprises the training data and the generated
first reference data, the second reference data comprising editing instructions for adjusting the
digital representation of the head region.

[13] According to a sixth aspect of the present disclosure, there is provided a method of
iraining a machine learning algorithm to adjust a digital representation of a head region, the
method comprising: receiving training data comprising a set of input digital representations of a
head region; tratving a first machine learning algorithm using the training data to perform an
adjustment of a digital representation of a head region; using the trained first machine learning
algorithm to generate first reference data, the first reference data comprising an adjusted digital
representation of the head region for each of at least a subset of the input digital representations,
each adjusted digital representation being obtained by performed the adjustment that the first
machine learning algorithm was trained to perform; and training a second machine learning
algorithm using at least a subset of the training data used to train the first machine learning
algorithm and the first reference data to perform the same adjustment of a digital representation

of a head region as the first machine learning algorithm.

BRIEF DESCRIPTION OF THE DRAWINGS

14} Neon-limitative embodiments are illusirated by way of example in the accompanying
figures, in which like reference numbers indicate similar parts, and in which:

{15} FIGURE 1 1s a schematic perspective view of a device that captures a stereoscopic pair
of images;

j16] FIGURE 2 is a schematic perspective view of a device that displays the stereoscopic

pair of images;
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{17} FIGURE 3 1s a flow chart of a method of adjusting a stereoscopic pair of images;

{18} FIGURE 4 is a diagram illustrating the processing of the stereoscopic pair of images in
the method of FIGURE 3;

{19} FIGURE 5 is a flow chart of a step of extracting an image patch;

{20} FIGURE 6 and FIGURE 7 are flow charts of two alternatives for a step of adjusting an
image;

{21} FIGURE 8§ i3 flow chart of a method of generating reference data;

{22} FIGURE 9 schematically depicts data flow in an example method of generating
reference data;

23] FIGURE 10 depicts a device for generating reference data;

i24] FIGURE 11 is a flow chart of a method of adjusting an image of a head region;

{25} FIGURE 12 schematically depicts data flow in an example of a method of adjusting an
image of a head region;

[26] FIGURE 13 is a diagram of a telecommunications systern in which the method may be
implemented;

i27] FIGURE 14 schematically depicts data flow in an example method of generating
reference data for converting a two-dimensional digital representation of a head region to a three-
dimensional digital representation of a head region; and

{28} FIGURE 15 schematically depicts data flow in an example of a method of adjusting a
digital representation of a head region in which a second machine learning algorithm is updated

online.

DETAILED DESCRIPTION

[29] FIGURE 1 and FIGURE 2 iilustrate how incorrect gaze is perceived when a
stereoscopic pair of images of a head is captured by the device 10 shown in FIGURE 1 which
will be referred to as the source device 10, and displayed on a different device 20 shown in
FIGURE 2 which will be referred to as the destination device 20. Capturing of a stereoscopic
pair of tmages is shown as an example. A similar effect can occur when a monocular image is
captured and when more than two views of the head are captured. A similar effect can also

occur when alternative or additional sensing techniques are used to build a digital representation
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of the head {e.g. where a depth sensor such as a time-of-flight camera is used to obtain three-
dimensional geometrical information about positions on the surface of the head).

{30} In the embodiment shown, the capture device 10 includes a display 11 and a camera
system 12. In this particular example, the camera system comprises two cameras 13 in order to
capture the stereoscopic pair of images of the head of a source observer 14, In a monocular
implementation a single camera may be provided instead of the two cameras 13. In other
implementations a depth sensor is alternatively or additionally provided. The source observer 14
views the display 11, along line 15. The cameras 13 (optionally including one or more depth
sensors) of the camera system 12 are offset from the display 11, in this case being above the
display 11. Thus, the cameras 13 effectively look down on the source observer 14 along line 16.
{31} The display device 20 includes a display 21, which in this example can be a
stereoscopic display of any known type, for example an autostereoscopic display of any known
type. The display 21 displays the stereoscopic pair of images as captured by the capture device
10. A destination observer 24 views the display 21. If the destination observer 24 is located in a
normal viewing position perpendicular to the center of the display 21, as shown by the hard
outline of the destination observer 24, then the gaze of the source observer 14 is perceived by the
destination observer 24 to be downwards, rather than looking at the destination observer 24,
because the cameras 13 of the source device 10 look down on the source observer 14.

321 Although the cameras 13 are above the display 11 in this example, the cameras 13 could
in general could be in any location adjacent the display 11, and the gaze of the source observer
14 perceived by the destination observer 24 would be correspondingly incorrect.

{33} If the destination observer 24 is located in an offset viewing position, as shown by the
dotted outline of the destination observer 24 so that the destination observer 24 views the display
21 along line 26, then the offset of the destination observer 24 creates an additional error in the
gaze of the source observer 14 perceived by the destination observer 24. A similar additional
error in the perceived gaze of the source observer 14 occurs if the destination observer 24 is
tocated in the normal viewing position along line 25, but the displayed image (or stereoscopic
pair of images in this example) is displayed on the display 25 in a position offset from the center
of the display 25.

134} A stereoscopic pair of images is an exarople of multi-view images where there are two
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images. Although FIGURE 1 illustrates an example where the camera system 12 includes two
cameras 13 that capture a stereoscopic pair of images, alternatively the camera system may
include more than two cameras 13 that capture more than two multi-view images, in which case
similar issues of incorrect perceived gaze exist on display. The camera system may alternatively
include only oue camera and/or one or more depth sensors.

{35 FIGUHE 3 llustrates a method of adjusting multi-view images to correct such errors in
the perceived gaze. The method of FIGURE 3 is a specific example of a method of adjusting
digital representations of a head region in a case where the digital representations comprise
images of the head region and where the images comprise one or more multi-view images of the
head region. For simplicity, this method will be described with respect to the adjustment of
mulii-view images comprising a stereoscopic pair of images. The method may be generalized to
multi-view images comprising more than two images, simply by performing similar processing
on a larger number of images. The method may also be generalized to the case where single
view {monocular) images of the head region are used and to the case where wnformation from
other sensing modalities, such as depth measurements, is included within the digital
representations of the head region.

[36] The method may be performed in an image processor 30 {or other processor). The image
processor 30 may be implemented by a processor executing a suitable computer program or by
dedicated hardware or by some combination of software and hardware. Where a computer
program is used, the computer program may comprise instructions in any suitable language and
may be stored on a computer readable storage medium, which may be of any type, for example:
a recording medium which is insertable into a drive of the computing system and which may
store information magnetically, optically or opto~-magnetically; a fixed recording medium of the
computer system such as a hard drive; or a computer memory.

{37} The image processor 30 (or other processor) may be provided in the source device 10, the
destination device 10 or in any other device, for example a server on a telecommunications
network, which may be suitable in the case that the source device 10 and the destination device
10 communicate over such a telecommunications network.

[38] In this example, a stereoscopic pair of images 31 are captured by the camera system 12.

Although the camera systems 12 is tllustrated in FIGURE 1 as including two cameras 13, this is
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not limitative and more generally the camera system 13 may have the following properties.

1391  The camera system comprises a set of one or more cameras 13, with at least two cameras
13 in the case where multi-view images are processed. Where two cameras are provided, the
cameras are typically spaced apart by a distance less than the average human intrapupilar
distance. lu the alternative that the method is applied to more than two multi-view images, then
there are more than two cameras 13, that is one camera 13 per image. In some embodiments, a
depth sensor is provided for obtaining three-dimensional geometrical information about a surface
of the head region, optionally in addition to one or more other cameras {e.g. optical cameras).
The depth sensor may comprise a time-of-flight camera.

[40] Where plural cameras 13 are provided, the cameras 13 may be spatially related to each
other and the display 11. The spatial relationship between the cameras 13 themselves and
between the cameras 13 and the display 11 is known in advance. Known methods for finding the
spatial relationship may be applied, for example a calibration method using a reference image, or
specification a prioyi.

{41} The camera or cameras 13 face in the same direction as the display 11. Thus, when the
source observer 14 is viewing the display 11, then the camera or cameras 13 face the source
observer 14 and the captured information, such as depth information, image or images (e.g.
stereoscopic pair of images) are digital representations (e.g. images and/or three-dimensional
geomeirical representations) of the head of the source observer 14, Different cameras in the
camera system can have different fields of view.

{42] The camera system 12 may include cameras 13 having different sensing modalities,
including but not limited to visible light, infrared, and time-of-flight (depth).

[43] In some embodiments, the main output of the camera system 13 is images 31 which are
typically video images output at a video rate. The output of the camera system 13 may alsc
include data representing the spatial relationship between the cameras 13 and the display 11, the
nature of the sensing modalities and internal parameters of the cameras 13 {for example focal
tength, optical axis) which may be used for angular localization, as well as three-dimensional
geometrical information, for example from depth measurements.

[44] An example of the method performed on a digital representation of a head region

comprising a stereoscopic pair of images 31, for the case of adjustment of eye regions, is as
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follows. To illustrate this example method, reference is also made to FEGURE 4 which shows
an example of the stereoscopic pair of images 31 at various stages of the method.

[45] In step S1, the sterecscopic pair of images 31 are analyzed to detect the location of the
head and in particular the eyes of the source observer 14 within the stereoscopic pair of images
31. This is performed by detecting presence of a head, tracking the head, and localizing the eves
of the head. Step S1 may be performed using a variety of techniques that are known in the art.
{46} Oue possible technigue for detecting the presence of the head is to use Haar feature
cascades, for example as disclosed in Viola and Jones, “Rapid Object Detection using a Boosted
Cascade of Simple Features”, CYPR 2001, pp 1-9, which is herein incorporated by reference in
its entirety.

[47] One possible technique for tracking the head is to use the approach of Active Appearance
Models to provide the position of the head of the subject, as well as the location of the eyes, for
example as disclosed in Cootes et al, “Active shape models - their training and application”,
Computer Vision and Image Understanding, 61(1):38-59, Jan. 1995 and in Cootes et al. “Active
appearance models”, IEEE Trans. Pattern Analysis and Machine Intelligence, 23{6).681-685,
2001, both of which are herein incorporated by reference in their entireties.

[48] In step S1, typically, a set of individual points (“landmarks™} are set to regions of the
face, typically the eyes, for example corners of the eve, upper and lower lid locations, etc,
thereby localizing the eves.

{491 In step 82, patches representing portions of a digital representation of the head region,
which in this example may be referred to image patches, containing the left and right eyes of the
head, respectively, are identified in each image 31 of the stereoscopic pair. FIGURE 4 shows the
identified image patches 32 of the right eve in each image 31 {the image patches for the left eye
being omitted in FIGURE 4 for clarity).

30} Step 82 may be performed as shown in FIGURE 3, as follows.

{51} Instep S2-1, image patches 32 containing the left and right eyes of the head are identified
in each image 31 of the stereoscopic pair. This is done by identifying an image patch 39 in each
image 31 located around the identified points (“landmarks”) corresponding to features of an eye,
as shown for example in FIGURE 4.

8527 In step S2-2, the image patches 32 identified in step S2-1 are transformed into a
p ge p !
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normalized coordinate system, being the same normalized coordinate system as used in the
machine learning process which is described further below. The transformation is chosen to
align the poinis (“landmarks™) of the eye within the image patch that were identified in step 81,
with predetermined locations in the normalized coordinate system. The transformation may
include translation, rotation and scaling, to appropriate extents to achieve that alignment. The
output of step $2-2 1s identified image patches 33 of the right eye in each image in the
normalized coordinate system as shown for example in FIGURE 4.

[83] The following steps may be performed separately (a} in respect of the image patches
containing the left eves of the head in each image 31 of the stereoscopic pair, and {(b) in respect
of the image patches containing the right eves of the head in each image 31 of the stereoscopic
pair (in this example). For brevity, the following description will refer merely to image paiches
and eyes without specifying the left or right eye, but noting the same steps are performed for
both left and right eyes.

{541 o step S3, a feature vector 34 is derived from plural local descriptors (representing
information about a local region in a patch), which in this example may be referred to as local
tmage descriptors, of an image patch 33 in at least one image 31 of the stereoscopic pair (in this
example}. Depending on the approach and as described further below, this may be an image
patch in a single image 31 of the stereoscopic pair or may be both images 31 of the stereoscopic
pair. Thus, the local image descriptors are local image descriptors derived in the normalized
coordinate system.

{35] The feature vectors 34 are representations of the image patches 33 that are suitable for
use in looking up reference data 35 1o be used for adjusting the image patches. The reference
data 35 may coraprise reference displacement vector fields that represent transformations of the
image patch, or other representations of transformations of the image patch, including
compressed representations as described below, and are associated with possible values of the
feature vector.

[56] The reference data 35 is obtained and analyzed in advance using a machine learning
technique. The machine learning technique may derive the form of the feature vectors 34 and
associate transformations such as the reference displacement vector fields with the possible

values of the feature vector. A specific example of a machine learning techuique applied in the

10
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case where it is desired to correct gaze using digital representations of a head region comprising
tmages of the head region, will now be described before reverting to the method of FIGURE 3.
{577 The training input to the machine learning technique is two sets of images (or image
patches), which may be stereoscopic pairs of images or monoscopic images, as discussed further
below. Each set may comprise images of the head of the same group of individuals but captured
from cameras in different locations relative to the gaze so that the perceived garze differs as
between them (in the case where gaze is to be corrected).

[58] The first set are input images, being images of each individual with an incorrect gaze
where the error is known a priori. In particular, the images in the first set may be captured by at
least one cameras in a known camera location where the gaze of the individual which is in a
different known direction. For example in the case of the source device of FIGURE 1, the
camera location may be the location of a camera 13 and while the gaze of the imaged individual
is towards the center of the display 11,

{591 The second set are output images, being images of each individual with correct gaze for a
predetermined observer location relative to a display location in which the image is to be
displayed. In the simplest case, the observer location is a normal viewing position perpendicular
to the center of the display location, for example as shown by the hard outline of the destination
observer 24 in the case of the destination device 20 of FIGURE 2.

[60] For each image in the two sets, the image is analyzed to detect the location of the head
and in particular the eyes using the same technique as used in step 81 described above, and then
image patches coutaining the left and right eyes of the head, respectively, are identified using the
same technique as used in step 82 described above. The following steps may then be performed
separately (a) in respect of the image patches containing the left eyes of the head in each image,
and (b) in respect of the image patches containing the right eves of the head in each image. For
brevity, the following description will refer merely to image patches and eyes without specifying
the left or right eye, but noting the same steps are performed for both left and right eyes in this
embodiment.

{61}  Fach image patch is transformed into the same normalized coordinate system as used in
step S2 described above. As described above, the transformation is chosen to align points

(“landmarks”) of the eye with predetermined locations in the normalized coordinate system. The

11
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transformation may include, for example, translation, rotation and/or scaling, to appropriate
extents to achieve that alignment.
[62] Thus, the image patches input and output images of each individual are aligned in the
normalized coordinate system.
[63] From an input and output image of each individual, there is derived a displacement vector
field that represents the transformation of the image patch in the input image required to obtain
the image paich of the output image, for example as follows. Defining positions in the image
patches by (x,y), the displacement vector field F is given by
F={u(x, y), v(x, y)}
where u and v define the horizontal and vertical components of the vector at each position (x,y).
i64] The displacement vector field F is chosen so that the image patch of the output image
O(x,y) is derived from the image patch of the input image ¥y} as
O(x, y) = Hxtulx, y), yHxyn
[65] For image data from more than one camera, the system delivers a displacement vector
field for the input image from each camera.
i66] The displacement vector field F for an input and output image of an individual may be
derived using a process in which a trial feature vector F'={u’ v’} is modified to minimize error,
optionally in an iterative process, for example in accordance with:
S0 y) = H{x +uw'(xy) y + v'(x,v))| = min!
{6717 By way of non-limitative example, the displacement vector field ¥ may be derived as
disclosed in Kounonenko et al, “Learning To Look Up: Realtime Monocular Gaze Correction
Using Machine Learning”, Computer Vision and Pattern Recognition, 2015, pp. 4667-4675,
which s herein incorporated by reference in its entirety, wherein the displacement vector field ¥
is referred to as a “flow field”.
[68]  Another example for editing instructions, which may be referred to as image editing
instructions in cases where the digital representation of the head region consists of images, which
can be used additionally or as an alternative to the displacement vector field in any of the
arrangements disclosed herein, is given by filter field L = {k(P, %, v} }, which defines a filter
kernel for a given location (x, v). This filter field L is chosen so that the image patch of the

output image O(x, v) is derived from the image paich of the input image I(x, v} as O(x, y) =

12

Microsoft Exhibit 1002 - Page 2339
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



Utility Patent Application
Attorney Ref. No. 409001

kK(P(L %, v)), %, vi), where P{(I, x, v} is a local region around the point (x,y} in the image [, and
k(P, x, v) operates on the patch P with coefficients depending on the position (x, v}. For
example, it could be the cutput of a convolution of the patch with a Gaussian filter with width
depending on the position x in the image, or a brightness increase of a local pixel depending on
the vertical position y.

{691  Another example for editing instructions {e.g. image editing instructions} which can be
used additionally or as an alternative to the displacement vector field in any of the arrangements
disclosed herein, is given by a set of typical image components that make up the edited image
area, ¢.g. texture showing beard stubbles. These are then blended with a factor depending on the
tmage coordinates and local image content (i.e. a texture blending field). Other transformation
fields can be used, such as a brightness adjustment field.

{70] A machine learning technique is used to obtain a map from the displacement vector field
F (or other editing instructions such as image editing instructions) of each individual to
respective feature vectors derived from plural Jocal (e.g. image) descriptors of a target patch of
an input image.

{71} The local descriptors {(e.g. local image descriptors) capture relevant information of a local
part of a patch (e.g. image patch} of an input digital representation of the head region (e.g. an
input image) and the set of local descriptors usually form a continuous vectorial output.

{721 The local descriptors input into the machine learning process are of types expected to
provide discrimination between different individuals, although the specific image descriptors are
selected and optimized by the machine feaming process itself. In general, the local descriptors
may be of any suitable type, some non-limitative examples which may be applied in any
combination being as follows.

{731 The local descriptors may include values of individual pixels or a linear combination
thereof. Such a linear combination may be, for example, a difference between the pixels at two
poinis, a kernel dertved within a mask at an arbitrary location, or a difference between two
kernels at different locations.

{74} The local descriptors may include distances of a pixel location from the position of an

eve point {“landmark™)

i3
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{751 The local descriptors may include SIFT features (Scale-invariant feature transform
features), for example as disclosed in Lowe, “Distinctive Image Features from Scale-Invariant
Keypoints”, International Journal of Computer Vision 60 (2), pp 91-110, which is herein
incorporated by reference in its entirety.

{76] The local descriptors may include HOG features (Histogram of Oriented Gradients
features) , for example as disclosed in Dalal et al. “Histograms of Oriented Gradients for Human
Detection”, Computer Vision and Pattern Recognition, 2005, pp. 886-893, which i3 herein
incorporated by reference in its entirety.

{777 The local descriptors may include “low level representations” from pre-classification
stages in deep learning neural networks, for example as disclosed in Yang and Ramanan, “Multi-
scale recognition with DAG-CNNs”, ICCV 2015, which is herein incorporated by reference in
its entirety. In a classifying deep learning neural network with multiple layers applied to an
input digital representation (e.g. image), for example, such low level features could be taken
from a layer before the final classification layer of the network.

{78} The derivation of the feature vector from plural local descriptors depends on the type of
machine learning applied.

{791 In a furst type of machine leamning technique, the feature vector may comprise features
that are values derived from the local descriptors {e.g. local image descriptors) in a discrete
space, being binary values or values discretized into more than two possible values. In this case,
the machine learning technique associates a reference displacement vector field F derived from
the training input with each possible value of the feature vector in the discrete space, so the
reference data 35 may provide similar functionality to a look-up table, with the machine learning
generating a machine learning parameter set that can be used to generate corresponding editing
instructions.  This allows a reference displacement vector field F to be simply selected from the
reference data 35 on the basis of the feature vector 34 derived in step S3, as described below.

[80] In the case that the feature vector comprises features that are binary vales derived from
the local descriptors, the feature vector has a binary representation. Such binary values may be
derived in various ways from the values of descriptors, for example by comparing the value of a
descriptor with a threshold, comparing the value of two descriptors, or by comparing the distance

of a pixel location from the position of an eye point (“landmark™).
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[81] Alternatively, the feature vector may comprise features that are discretized values of the
tocal descriptors. In this case, more than two discrete values of each feature are possible.

{82}  Any suiiable machine learning technique may be applied, for example using a decision
tree, a decision forest, a decision fern or an ensemble or combination thereof, or a neural
network.

{831 By way of example, a suitable machine learning technique using a feature vector
comprising features that are binary values derived by comparing a set of individual pixels or a
linear combination thereot against a threshold, is disclosed in Ozuysal et al. “Fast Keypoint
Recognition in Ten Lines of Code”, Computer Vision and Pattern Recognition, 2007, pp. 1-8,
which is herein incorporated by reference in its entirety.

i84] By way of further example, a suitable machine learning technique using a distance of a
pixel location with the position of an eye landmark is disclosed in Kononenko et al., “Learning
To Look Up: Realtime Monocular Gaze Correction Using Machine Learning”, Computer Vision
and Pattern Recognition, 2015, pp. 4667-4675, which is herein incorporated by reference in its
entirety.

i85] By way of further example, a suitable machine learning technique using a random
decision forest is disclosed in Ho, “Random Decision Forests”, Proceedings of the 3rd
International Conference on Document Analysis and Recognition, Montreal, QC, 14-16 August
1995, pp. 278-282, which is herein incorporated by reference in its entirety.

{86} In a second type of machine learning technique, the feature vector may comprise features
that are discrete values of the local descriptors {e.g local 1mage descriptors) in a continuous
space. In this case, the machine learning technique associates a reference displacement vector
field ¥ (in this example, but other editing instructions could be used) derived from the training
tnput with possible discrete values of the feature vector in the continuous space. This allows a
displacement vector field F to be derived from the reference data 35 by interpolation from the
reference displacement vector fields based on the relationship between the feature vector 34
derived in step S3 and the values of the feature vector associated with the reference displacement
vector fields.

I87] Any suitable machine learning technique may be applied, for example using support

VeCtor regression.
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{88] By way of example, a suitable machine learning technigue using support vector

]

egression is disclosed in Drucker et al. “Support Vector Regression Machines”, Advances in
Neural Information Processing Systems 9, NIPS 1996, 155--161, which is herein incorporated by
reference in its entirety. The output of the technique is a continuously varying set of
interpolation directions that form part of the reference data 35 and are used 1n the interpolation.
{897 The machine learning technique, regardless of its type, inherently also derives the form of
the feature vectors 34 that is used to derive the reference displacement vector fields F (or other
image editing instructions). This is the form of the feature vectors 34 that is derived in step 83
{90}  The description now reverts to the method of FIGURE 3.

[#1] In step 54, at least one displacement vector field 37 representing a transformation of an
image patch is derived by using the feature vector 34 derived in step 3 to Iook up the reference
data 35. Due to the derivation of the displacement vector field 37 from the reference data 35, the
transformation represented thereby corrects the gaze that will be perceived when the stereoscopic
pair of images 31 are displayed.

1921 In the case that the feature vector 34 comprises features that are values in a discrete space
and the reference displacement vector fields of the reference data 35 comprise a reference
displacement vector field associated with each possible value of the feature vector in the discrete
space, then the displacement vector field for the image patch is derived by selecting the reference
displacement field associated with the actual valug of the derived feature vector 34,

{931 In the case that the feature vector 34 comprises features that are discrete values of the
tocal descriptors in a continuous space, then then the displacement vector field for the image
patch is derived by interpolating a displacement vector field from the reference displacement
vector fields based on the relationship between the actual value of the derived feature vector 34
and the values of the feature vectors associated with the reference displacement vector fields. In
the case that the machine learning technique was support vector regression, this may be done
using the interpolation directions that form part of the reference data 35,

[94] In step 85, each image 31 of the stereoscopic pair is adjusted by transforming the image
patches containing the left and right eyes of the head in accordance with the derived

displacement vector fields 37. This produces an adjusted stereoscopic pair of images 38 as
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shown in FIGURE 4, in which the gaze has been corrected. In particular, the adjusiment may be
performed using two alternative methods, as follows.
[95] A first method for performing step S5 is shown in FIGURE 6 and performed as follows.
{96] In step 85-1, the image patch is transformed in the normalised coordinate system in
accordance with the corresponding displacement vector field 37 in respect of the same image,
thereby correcting the gaze  As described above, for a displacement vector field ¥ the
transformation of the image patch of the input image I{(x,y) provides the output image O(x.y) in
accordance with

0(x, y) = Ttshux, y), yHv(x,y))
[#71 I step S5-2, the transformed image patch output from step 85-1 s transformed cut of the
normalised coordinate system, back into the original coordinate system of the corresponding
image 31. This is done using the inverse transformation from that applied in step S2-2.
[98] In step S5-3, the transformed image patch output from step $5-2 is superimposed on the
corresponding image 31. This may be done with a full replacement within an eye region
corresponding to the eye #tselt] and a smoothed transition between the transformed image patch
and the original image 31 over a boundary region around the eye region. The width of the
boundary region may be of fixed size or a percentage of the size of the image patch in the
original image 3 1.
[99] A second method for performing step SS is shown in FIGURE 7 and performed as
follows.
{188] In this second, alternative method, the transformation back into the coordinate system of
the corresponding image 31 occurs before the transformation of the image patch in accordance
with the transformed displacement vector field F.
[101] Io step S5-4, the displacement vector field F is transformed out of the normalised
coordinate systern, back into the original coordinate system of the corresponding image 31. This
is done using the inverse transformation from that applied in step 52-2.
{102} In step 85-5, the image patch 32 in the coordinate system of the image 31 is transformed
in accordance with the displacement vector field F that has been transformed iuto the same

coordinate system in step S5-4.  As described above, for a displacement vector field ¥ the
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transtormation of the image patch of the input image I(x,v) provides the output image O(xy} in
accordance with

O(x, y) = Ixtulx, y), yHv(x,y )
but this is now performed in the coordinate system of the original image 31.
[103] Step 85-6 is the same as S53-3. Thus, in step 55-6, the transformed image patch output
from step $5-5 is superimposed on the corresponding image 31. This may be done with a full
replacement within an eye region corresponding to the eve itself, and a smoothed transition
between the transformed image patch and the original image 31 over a boundary region around
the eve region. The width of the boundary region may be of fixed size or a percentage of the size
of the image patch in the original image 31.
[104] FIGURK 8§ depicts a method of generating reference data (including reference data 37 of
the type described in the specific examples discussed above) for adjusting a digital representation
of a head region. In some embodiments, the digital representation of the head region comprises
or consists of an image of the head region. In some embodiments, the digital representation of
the head region comprises or consists of a three-dimensional digital representation (representing,
for example, three-dimensional geometrical information).  The three-dimensional digital
represeniation may be obtained from depth measurements, using for example a time-of-flight
camera. In an embodiment, the digital representation of the head region is usable to provide a
computer generated display of the head region. In an embodiment, the adjustment of the digital
representation comprises converting a two-dimensional digital representation of the head region
to a three-dimensional digital representation of the head region.
{165} In a case where the digital representation of the head region (prior to adjustment, after
adjustment, or both) comprises a three-dimensional digital representation, this may be provided
in any of various known ways. For example, the three-dimensional digital representation may
comprise a point cloud, a particle system, or a mesh representation. The mesh representation
may comprise one or more of. a polygonal surface, a multi-resolution surface, a subdivision
surface. The digital representation may comprise a three-dimensional digital representation and
texture information associated with the three-dimensional digital representation, e.g. via a texture
map. The digital representation may comprise a three-dimensional geometrical representation

and color information (e.g. obtained from an optical camera) aligned with the three-dimensional
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geometrical representation. Other volumetric representations such as particle system or implicit
definitions such as signed distance functions may also be used.

{106} The method comprises a step S100 of receiving training data 100, The training data 100
may be provided for example via a communications interface 112 (e.g. connecting to an external
data connection or storage device) connected to a data processing unit 120 that is to perform the
method (as depicted schematically in FIGURE 10). The training data 100 comprises a set of
input patches. A patch counsists of a target portion of a digital representation of a head region. In
a case where the digital representation comprises an image, the patch may be referred to as an
image patch. Hach input patch (e.g input image patch) comprises a target feature of the digital
representation {e.g. image) of the head region prior to adjustment of the digital representation
{e.g. adjustment of the image to be displayved) of the head region. The target feature is the same
for each input patch. The target feature may comprise one or more of the following: an eye
region comprising at least part of an eve (as in the specific examples discussed above with
reference to FIGURE 4 for example), a nose region comprising at least part of a nose, a mouth
region comprising at least part of a mouth, a chin region comprising at least part of a chin, and a
neck region comprising at least part of a neck. In an embodiment each input image patch
comprises a portion of the image of the head region corresponding to the target feature, such as
the above-mentioned eye region, nose region, mouth region, chin region, or neck region.

{107} In an embodiment, the target feature comprises an eye region comprising at least part of
an eve and the adjustment of the digital representation (g.g. image) of the head region comprises
adjusting a gaze direction.

{168] In an embodiment, the target feature comprises a nose region comprising at least part of a
nose and the adjustment of the digital representation (e.g. image) of the head region comprises
adjusting a shape and/or texture of the nose {e.g. to make nose lock smaller and/or slimmer by a
fixed proportion, similar to the effect of a “tele lens™).

{109} In an embodiment, the target feature comprises a chin region comprising at least part of 3
chin and the adjustment of the digital representation {e.g. image) of the head region comprises
adjusting a shape and/or texture of the chin (e.g. to reduce or remove double chin appearance).
[116} In an embodiment, the target feature comprises a neck region comprising at least part of a

neck and the adjustrent of the digital representation (e.g. image) of the head region comprises
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adjusting a shape and/or texture of the neck {e.g. to reduce or remove wrinkles).

{111} In an embodiment, the target feature comprises a hair region comprising hair and the
adjustment of the digital representation {e.g. image) of the head region comprises adjusting a
color of the hair (e.g. by a fixed hue).

[112] In the case where the target feature comprises an eye region, the input patches may be
obtained using the methodology described above with reference to steps 52-1 and $2-2, except
that stereoscopic pairs of images are not necessarily required. Thus, the input patches may be
obtained by using identified points (“landmarks”) corresponding to features of an eye to locate
the relevant region of the digital representation (e.g. image) of the head region (e.g. surrounding
the eye} and/or transformation of the input patch into a normalized coordinate system, including
alignment of the landmarks with predetermined locations in the normalized coordinate system
using translation, rotation and/or scaling,

{113} In some embodiments, the training data 100 further comprises a set of cutput patches. As
described above, each patch consists of a target portion of a digital representation of a head
region. In a case where the digital representation comprises an image, the patch may be referred
to as an image patch. The output patches (e.g output images paiches) are in one-to-one
correspondence with the input patches. Each output patch comprises the target feature of the
digital representation {(e.g. 1mage} of the head region after adjustment of the digital
representation {e.g. adjustment of the image to be displayed) of the head region. Thus, in the
case where an image of the head region is to be adjusted to correct a gaze direction, each output
patch comprises an eye region that has been adjusted so that the gaze appears to be in the desired
direction {e.g. directly towards a destination cbserver 24).

[114] The method further comprises a step S101 comprising using a first machine leaming
algorithm to generate first reference data 101 using the training data 100. The first reference
data 101 comprises editing instructions {e.g. itmage editing instructions) for adjusting the digital
representation (e.g. image) of the head region for a range of possible digital representations {e.g.
digital representations representing different states of the head, such as different positions and/or
orientations, optionally represented as different images) of the head region.

{115] The method further comprises a step 5102 comprising using a second machine leamning

algorithm to generate second reference data 102, The second machine learning algorithm uses
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the same training data 100 as the first machine learning algorithm in step S101. The second
machine learning algorithm further uses the first reference data 101 output by the first machine
learning algorithm in step 8101, The second reference data 102 comprises editing instructions
{e.g. image editing instructions) for adjusting the digital representation {e.g. image) of the head
region for a range of possible digital representations (e.g. different positions and/or orientations,
optionally represented as different images) of the head region.

[116] In an embodiment, the first reference data 101 comprises first editing instructions {e.g.
first image editing instructions) for a range of possible configurations of the target feature (e.g.
different gaze directions and/or eye morphologies in the case where the target feature comprises
an eye region) and first selection instructions for selecting editing instructions (from the first
editing instructions) for a particular input patch {(e.g input image patch) based on the
configuration of the target feature of the input patch (e.g. the particular gaze direction and/or
particular eye morphology of that input patch}.

[117] In an embodiment, the second reference data comprises second editing instructions {e.g.
second image editing instructions) for a range of possible configurations of the target feature and
second selection instructions for selecting editing instructions (from the second editing
instructions) for a particular input patch (e.g. input image patch) based on the configuration of
the target feature of the input patch.

{118} The configuration of the target feature of each input patch may be represented by a
feature vector derived from plural local descriptors (e.g. local image descriptors) of the input
patch, as described above with reference to step S3 of FIGURE 3 for the particular case where
stereoscopic pairs of images containing eye regions are processed (but the method is applicable
more generally than this particular case). As described above, the feature vector may take
various forms but is generally adapted to be suitable for looking up editing instructions for
performing adjustment of the digital representation (e.g. image) of the head region. In the
present embodiment, the first and second selection instructions define how the feature vector is
used to select editing instructions for the input patch. In an embodiment, the editing instructions
comprise a displacement vector field defining how the input patch is to be transformed to
perform the adjustment. The displacement vector field may take any of the forms discussed

above. The editing instructions are not lirmited to displacerment vector fields, however. Other
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editing operations may additionally or alternatively be associated with the features vectors to
perform other desired adjustments of the digital representation {e.g. image) of the head region,
including for example adjustments to pixgl colors or intensitigs, or changes to underlying
geometries {e.g. via a filter field, brightness adjustment field, or texture blending field).

[119] In an embodiment, a first editing algorithm (e.g. first image editing algorithm) is used by
the first machine learning algorithm to define how the first editing instructions are to be applied
o an input patch to derive an output patch. A second editing algorithm {(e.g. second image
editing algorithm) is used by the second machine learning algorithm to define how the second
editing instructions are to be applied to an input patch to derive an output patch. The first and
second editing algorithms may comprise any of the methods described above for implemented
step 85 of FIGURE 3, described with reference to FIGURES 6 and 7.

[1208] In an embodiment, the second editing instructions in the second reference data are
provided in a compressed representation. The compressed representation may comprise a
principle component analysis representation or a wavelet representation for example. In this
case, the first and second editing algorithms may be adapted to define how to operate efficiently
in this context.

[121] In an embodiment, the second editing instructions are principle component analysis
components of a principle component analysis of the first editing instructions. The second
editing algorithm in this case transforms the second editing instructions into the first editing
instructions by inverse principle component analysis transform.

{122} In an alternative approach, the second editing instructions are wavelet components of the
first editing instructions. The second editing algorithm in this case transforms the second editing
instructions into the first editing instructions by inverse wavelet transform.

{123} In an embodiment, the first selection instructions for the first reference data are able to
select between a larger number of alternative editing instructions (e.g. image editing instructions}
than the second selection instructions for the second reference data. The first machine learning
algorithm may thus be described as having more input parameters than the second machine
fearning algorithm. The first machine learning algorithm may provide higher accuracy than the
second machine learning algorithm but will typically operate considerably slower. Additionally,

the first selection instructions may be significantly more complex {e.g. involving linear algebra
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or other relatively computer intensive operations) than the second selection instructions {where
the selection imstructions may resemble a computationally straightforward look-up table, a
combination of a look-up table and a tree structure, or similar).

{124] In one particular embodiment, the first machine learning algorithm comprises a neural
network (known to provide relatively high accuracy, but at the expense of relatively high
computational demands). In such an embodiment, and others, the second machine learning
algorithm may comprises a regression forest (known to provide higher computational efficiency,
but at the expense of reduced accuracy). The inventors have found that the combination of the
two different machine learning algorithms provides reference data that can be used in an
adjustment method with high efficiency while still achieving high adjustment accuracy. The first
machine learning algorithm may alternatively comprise a support vector machine or a generative
adversarial network (GAN). The second machine learning algorithm may alternatively comprise
regression ferns, cluster centres, a lockup table, or separable filter banks. In one embodiment,
the first machine learning algorithm comprises a first veural network and the second machine
learning algorithm comprises a second neural network, wherein the second neural network
comprises fewer layers and/or smaller convolution fields than the first neural network.

[125] FIGURE 9 schematically depicts data flow in a detailed example of the method of
generating reference data of FIGURE 8. The first and second machine learning algorithms are
respectively labelled MLA1 and MLAZ. The first machine fearming algorithm ML AT receives
the {raining data (labelled TD) and, optionally, the first editing algorithm EA1, and a similarity
metric SM. The similarity metric SM provides a numerical value to roeasure similarity between
an adjusted image and a desired image and can be used to control the first machine learning
algorithm MELAT and the second machine learning algorithm MLAZ2 to vary the exient to which
differences are penalized according io the nature of the differences. For example, the similarity
metric SM may be configured to penalize reductions in portions of images that it is desired to
maintain {e.g. sclera in the case where eye regions are being adjusted) or deviations of adjusted
features from a known form (e.g. deviations in the shape of an iris from an elliptical form) or
from a form that is observed in training data. Alternatively or additionally, the training data may
comprise an average absolute or square difference between the adjusted image and a target, or

average absolute or square difference between low level representations of the adjusted image
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and target, such as low level features from a deep learning network (as discussed above). In the
example shown, the first editing algorithm EAT receives auxiliary data AuxD, which defines a
basis set used for providing a compressed representation of image editing instructions. The first
machine leaming algorithm MLA1 outputs first selection instructions LA1 and first editing
tnstructions EDT. The second machine fearning algorithm MLAZ receives the same tratning data
TD and, optionally, the second editing algorithm EA2, and the similarity metric SM. The second
machine learning algorithm ML A2 additionally receives the first editing instructions ED1. The
second machine learning algorithm outputs second selection instructions LAZ2 and second editing
instructions EDZ.

[126] The second machine learning algorithm MELAZ2 thus gets the editing instructions to match
or to approximate, and does not have to infer these from the matched input images as MLAL
{1271 FIGURE 10 depicts a device 110 for generating the reference data. The device 110
comprises a data processing unit 120 configured to perform the method of generating the
reference data according to any of the disclosed embodiments. The data processing unit 110 may
be implemented by a processor executing a suitable computer program or by dedicated hardware
or by some combination of software and hardware. Data input/output may be provided via a
communications interface 112, Where a computer program is used, the computer program may
comprise instructions in any suitable language and may be stored on a computer readable storage
medium, which may be of any type, for example: a recording medium which is insertable into a
drive of the computing system and which may store information magnetically, optically or opto-
magneticaily; a fixed recording medium of the computer system such as a hard drive; or a
computer memory.

[128] FIGURE 11 depicts a method of adjusting a digital representation of a head region. In
the example shown, the digital representation comprises an image of a head region, but the
method can be adapted to use any of the digital representations discussed above (eg to
additionally or alternatively process three-dimensional digital representations). The method may
use reference data generated using any of the methods of generating reference data disclosed
herein or may use reference data generated using other methods.

1129} The method comprises a step S200 in which a target patch (in this case an image patch) is

identified in an image 200 of a head region that is to be adjusted. The target patch comprises a
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target feature of the head region. The target feature may take any of the forms discussed above.
The step S200 may optionally comprise detecting a head and/or eye location as described above
with reference to step S1 of FIGURE 3. The step 5200 may optionally further comprise
identifying image patches using the methodology described above with reference to steps 52-1
and S2-2 of FIGURE 3, except that the image patches do not necessarily need to be identified as
stereoscopic pairs (although they may be if desired).

[130] In step S201, a feature vector is derived from plural local descriptors (e.g. local image
descriptors) of the target {e.g. image) patch. The feature vector may be derived using the
methodology described above with reference to step S3 of FIGURE 3. The feature vector may
take any of the forms discussed above.

{131} In step 5202, the feature vector is used to select editing instructions {e.g. image editing
instructions) from reference data 102, The reference data 102 comprising editing instructions for
a range of possible values of the feature vector (representing for example different gaze
directions and/or eye morphologies in the case where the target feature comprises an eye region}.
{1327 In step 8203, the selected editing instructions are applied to the target patch to adjust the
image of the head region {e.g. to correct a gaze direction).

[133] In an embodiment, the editing instructions {(e.g. image editing instructions) are provided
in a compressed representation, comprising for example one or more of the following: a principle
component analysis representation, a wavelet representation; Fourier and/or discrete cosine
transform components; cluster centers. The use of a compressed representation reduces data
storage and bandwidth requirernents during use of the image editing instructions to perform
adjustment of the digital representation {e.g. image) of the head region. Alternatively or
additionally, the reference data containing the editing instructions may be generated using any of
the embodiments disclosed herein. The reference data may comprise the second reference data
discussed above for example.

{134} Reference to editing instructions herein is understood to encompass any data which can
be used to define how a digital representation {e.g. image) of a head region should be adjusted to
achieve a desired aim (e.g gaze correction or conversion from a two-dimensional digital
representation to a three-dimensional digital representation or both). The editing instructions

may comprise data that can used directly to modify a digital representation (e.g. image), such as
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a vector field, or intermediate data such as a machine learning parameter set that can be used to
generate data that can be used directly to modify the digital representation {e.g. image).

[135] FIGURE 12 schematically depicts data flow in a detailed example of a method of
adjusting a digital representation of a head region in the case where the digital representation
comprises an image, using reference data generated according to the detailed example of
FIGURE 9. Input data ID is provided from a sensor system S5 {e.g. comprising one of more
cameras). The input data ID is input to the second selection instructions LA2 to select editing
instructions appropriate to the input data 13 from the second editing instructions ED2. The
selected editing instructions, which in this example are provided in a compressed representation
{e.g. principle component analysis components or wavelet components)} from the compressed
second editing instructions ED2, are then used by the second editing algorithm EAZ, in
combination with the auxiliary data AuxDd providing the basis set for the compressed
representation, to provide output data GD. The output data OD comprises an adjusted image of
the head region and is displayed via a display DS,

1136} As described above, the method of adjusting a digital representation of a head region (e.g.
an 1mage of a head region) may be implemented in an image processor 30 provided in various
different devices. By way of non-limitative example, there will now be described a particular
implementation in a telecommunications system which is shown in FIGURE 13 and arranged as
follows.

{137} In this implementation, the source device 10 and the destination device 10 communicate
over such a telecornmunications network 50, For communication over the telecommunications
network 50, the source device 10 includes a telecommunications interface 17 and the destination
device 20 includes a telecommunications interface 27,

[138] In this implementation, the image processor 30 is provided in the source device 10 and is
provided with an image of a head region directly from a camera system 12 (in this example, a
stereoscoptic pair of images). The telecommunications interface 17 is arranged to transmit the
adjusted images 38 over the telecommunications network 50 to the destination device 20 for
display thereon.

1139} The destination device 20 includes an image display module 28 that controls the display

26. The adjusted images 38 are received in the destination device 20 by the telecommunications
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interface 27 and supplied to the image display module 28 which causes them to be displayed on
the display 26.

{148} The following elements of the destination device 20 are optionally included in the case
that the method corrects gaze for a destination observer 24 in an observer location other than a
normal viewing position perpendicular to the center of the display location. In this case, the
destination device 20 includes a camera system 23 and an observer location module 29 The
camera system 23 captures an image of the destination observer 24. The observer location
module 29 derives the location daia 40. The observer location module 29 includes a head
tracking module that uses the output of the camera system 23 to detect the location of the
destination observer 24. Where the relative observer location also takes into account the location
of the image displayed on the display 21, the observer location module 29 obtains the location of
the image displayed on the display 21 from the image display module 28, The
telecommunications interface 17 is arranged to transmit the location data 40 over the
telecommunications network SO to the source device 10 for use thereby.

{141} Although the above description refers to a method applied to images supplied from a
source device 10 to a destination device 20, the method may equally be applied to images
supplied in the opposite direction from the destination device 20 to the source device 10, in

3

which case the destination device 20 effectively becomes the “source device” and the source
device 10 effectively becomes the “destination device”.  Where images are supplied
bi-directionally, the labels “source” and “destination” may be applied to both devices, depending
on the direction of communication being considered.

{142} FIGURE 14 depicts a further embodiment of a method of generating reference data for
adjusting a digital representation of a head region using a framework of the type depicted in
FIGURE & In this embodiment, the training data 100 received in step S100 (FIGURE &)
comprises a set of input digital representations of a head region (e.g. input patches each
consisting of a target portion of a two-dimensional digital representation of the head region, such
as a captured image).

[143] In step S101, & first machine learning algorithm MLA] is trained using the training data
100, the training causing the first machine learning algorithm MLA1 to become capable of

performing an adjustment of a digital representation of a head region. In an embodiment, the
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adjustment of the digital representation comprises converting from a two-dimensional digital
representation to a three-dimensional digital representation {e.g. converting from a 2D image of a
portion of a head region to a 3D mesh of a portion of the head region). The trained first machine
fearning algorithm MLAT1 is then used to generate first reference data 101. The first reference
data 101 comprises an adjusted digital representation of the head region for each of at least a
subset of the input digital representations in the training data 100, Each adjusted digital
representation is obtained by performing the adjustment that the first machine learning algorithm
MI A1 was trained to perform.

[144] In step S102, a second machine learning algorithm MLAZ is trained using at least a
subset of the training data 100 used to train the first machine learning algorithm MLAZ2 and the
first reference data 101. The training causes the second machine learning algorithm MLAZ to
become capable of performing the same adjustruent of a digital representation of a head region as
the first machine learning algorithm MLA1.

[145] Io the particular embodiment of FIGURE 14, the first machine learniog algorithmn MLAT
comprises a first encoder 306A and a first predictor 308A. The training data 100 is input to the
first encoder 306A. In this embodiment, the first encoder 306A comprises a feature extractor
algorithm. The feature extractor algorithm derives informative and non-redundant values from
the training data 100 (i.e. extracts meaningful features from the training data 100). Examples of
feature extractor algorithms include Convolutional Neural Networks, Principal Component
Analysis, SIFT (Scale Invariant Feature Transform}. An output from the first encoder 306A is
input to a first predictor 308A. The first predictor 308A generates an adjusted version of each
input digital representation in the training data 100 based on the output of the first encoder 306A
{e.g. features extracted by the first encoder 306A). In this embodiment, each input digital
representation comprises a two-dimensional digital representation (e.g. a two-dimensional
image) and the adjusted version of each input digital representation comprises a three-
dimensional digital representation (e.g. a mesh). Each three-dimensional digital representation is
input to a renderer 310, The renderer 310 synthesizes one or more two-dimensional digital
representations corresponding to each input three-dimensional digital representation (e.g. oue or
more photorealistic images of the head region defined by the three-dimensional digital

representation). The output from the renderer 310 is then input to a second encoder 306B. The
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second encoder 3068 may be identical to the first encoder 306A. An output from the second
encoder 3068 1s input to a second predictor 308B. The second predictor 308B may be identical
to the first predictor 308A. A first regularizer 314 is provided that compares the output from the
first encoder 306A with the output from the second encoder 306B and imposes one or more
predetermined first constraints. A second regularizer 316 1s provided that compares the output
from the first predictor 308 A with the output from the second predictor 3088 and imposes one or
more predetermined second coustraints. The first regularizer 314 and the second regularizer 316
may use a set of semantically meaningtul constraints (examples of the first constraints and
second constraints) or additional information to help reach a desirable solution and to prevent
overfitting. The constraints may help to ensure that generated three-dimensional digital
representations are natural looking for example, by requiring high levels of natural levels of
smoothuess.  Using this architecture, the first machine learning algorithm MULAL iteratively
updates properties of the first predictor 308A and the second predictor 308B {(e.g. by adjusting
parameters such as weights defining the operation of the predictor) to maximize matching
between the outputs from the first and second encoders (as measured by the first regularizer 314)
subject to the first constraints and to maximize matching between the outputs from the first and
second predictors (as measured by the second regularizer 316) subject to the second constraints.
In other embodiments, the first encoder 306A and second encoder 306B may also be iteratively
updated. The training of the first machine learing algorithm ML A1 thus comprises iteratively
using a rendering process to generate a two-dimensional digital representation from a three-
dimensional digital representation generated by the first machine leaming algorithm MLAT and
comparing the generated digital representation with a corresponding digital representation in the
training data. Once matching has been achieved or a predetermined number of iterations have
been performed, the first machine learning algorithm MLAT is considered trained and the
resulting output from the second predictor 308B can be used to provide the first reference data
101 (which in this embodiment comprises three-dimensional digital representations
corresponding to the input two-dimensional represeniations in the training data 100).

[146] As an extension, new two-dimensional and/or three-dimensional digital representations
can be generated by applying editing instructions either to two-dimensional digital

representations (which are converted to three-dimensional digital representations by the trained
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first machine learning algorithm MLA1) or to three-dimensional digital representations output by
the trained first machine learning algorithm MLA1). In this case, the first reference data 101
may  include  the two-dimensional digital representations and/or three-dimensional
representations after modification by the editing instructions.

{147} A set of thus generated three-dimensional digital representations output as first reference
data 101 and corresponding two-dimensional digital representations {e.g. directly from the
training data 100 as shown in FIGURE 14} are used to train the second machine learning
algorithm MLAZ2 (input at block 3043 In this embodiment, the second machine learning
algorithm MLA2 also comprises an encoder 306C and a predictor 308C, which may be
configured as described above for the first machine learning algorithm MELA1. The predictor
308C (and, optionally, the encoder 308C) may be iteratively updated (trained) using a regularizer
318 based on the input training data 100 and first reference data 101, Thus, the second machine
tearning algorithm MLA?Z learns to convert between a two-dimensional digital representation and
a three-dimensional digital representation based on the mapping between two-dimensional digital
representations and three-dimensional digital representations derived using the renderer 310 in
the first machine learning algorithm MLAY. Provided the mapping derived by the first machine
fearning algorithm ML AT is reliable, the second machine learning algorithm MLAZ will be able
to provide accurate conversion between two-dimensional digital representations and three-
dimensional digital representations using a simpler trained machine learning model (which can
be stored and operated using fewer computing rescurces than the first machine learning
algorithm MLAT1).

{148] FIGURE 15 depicts data flow in an example implementation of an embodiment in which
a pre-trained second machine learning algorithm MLAZ is updated (i.e. trained further) in at or
near input data frame rate (i.e. online}. In embodiments of this type, a plurality of the digital
representations (e.g. tmages) of the head region may be recetved as input data ID (e.g. from a
sensor system SS as described above) and adjusted (e.g. as described above with reference to
FIGURES 11, 12 and 14) to provide output data OD that is subsequently displayed via display
DS (as described above with reference to FIGURE 12). The input data ID may comprise a set of
input patches, each input patch comprising a target feature of a digital representation of a head

region prior to adjustment of the digital representation of the head region, wherein the target
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feature is the same for each input patch. The adjustment may be performed using a pre-trained
version of the second machine learning algorithm MLAZ, optionally in combination with a
geometrical model. The input data I3 may comprise digital representations captured at different
points in times, such as different frames in a sequence of images obtained by the sensor system
5SS in a video capture mode. In an embodiment, the method comprises updating the pre-trained
second machine learning algorithm MLAZ using first reference data (e.g. editing instructions}
generated by the first machine learning algorithm MLAT using one or more of the received
digital representations (from the input data 113). The first reference data may comprise a set of
editing instructions in one-to-one correspondence with the input patches, each editing instruction
betng for adjusting the digital representation of the head region. In the example depicted in
FIGURE 15, the first reference data for the updating is generated in a background process and
the second machine learning algorithm MLAZ is updated at or near input data frame rate (e
online).

[149] The updating thus uses a pre-trained version of the first machine learning algorithm
ML A1 (which, as described above, is configured to provide more highly detailed reference data
at the expense of higher computational demands, relative to the second machine learning
algorithm MLAZ2) to generaie first reference data that is used to update the second machine
tearning algorithm MLAZ., Where the first machine learning algorithm MLAT is slower than the
second machine learning algorithm MLAZ (which will normally be the case where the first
machine learning algorithm MLA1 is configured to provide more highly detailed reference data
than the second machine learning algorithmn MLAZ), only a subset of the input data ID
{comprising the received and adjusted digital representations) are used to update the second
machine learning algorithm MLA2, thereby allowing the updating process to keep up with the
adjusting of the input data 1D by the second machine learning algorithm MELAZ to provide the
output data OD. Any of various known techniques may be used to perform the updating of the
second machine learning algorithm MLAZ. For example, the online updating may be performed
as described in Amir Saffari, Christian Leistner, Jakob Santner, Martin Godec, and Horst
Bischof, "On-line Random Forests," in 3rd IEEE ICCV Workshop on On-line Computer Vision,
2009, which is herein incorporated by reference in its entirety, or as described in Online Deep

Learning: Learning Deep Neural Networks oun the Fly, Doyen Sahoo, Quang Pham, Jing Lu,
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Steven C.H, Hoi School of Information Systems, Singapore Management University
{https://ardv.org/pdt/1711.03705 pdf), which is herein incorporated by reference in its entirety.
The second machine learning algorithm MLAZ can therefore be gradually improved during use,
as more input data ID are encountered and processed by the system.
[186] Additional embodiments of the disclosure are described in the following numbered
clauses.
1 A method of generating reference data for adjusting an image of a head region, the
method comprising:

receiving training data comprising:
a set of input image patches, each input image patch comprising a target feature of
an image of a head region prior to adjustment of the image of the head region, wherein
the target feature is the same for each input image patch; and
a set of output image patches in one-to-one correspondence with the input image
patches, each output image patch cormprising the target feature of the image of the head
region after adjustment of the image of the head region;
using a tirst machine fearning algorithm to generate first reference data using the training
data, the first reference data comprising image editing instructicns for adjusting the image of the
head region for a range of possible irnages of the head region; and

using a second machine learning algorithm to generate second reference data using the
same training data as the first machine learning algorithm and the first reference data generated
by the first machine learning algorithm, the second reference data comprising image editing
instructions for adjusting the image of the head region for a range of possible images of the head
region.
2. The method of clause 1, wherein:

the first reference data comprise first image editing instructions for a range of possible
configurations of the target feature and first selection instructions for selecting image editing
instructions for a particular input image patch from the first image editing instructions based on
the configuration of the target feature of the input image patch; and

the second reference data comprise second image editing instructions for a range of

possible configurations of the target feature and second selection instructions for selecting image
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editing instructions for a particular input tmage paich from the second image editing instructions
based on the configuration of the target feature of the input image patch.

3. The method of clause 2, wherein the configuration of the target feature of each input
image patch is represented by a feature vector derived from plural local image descriptors of the
tnput irnage patch, and the first and second selection instructions define how the feature vector is
used to select image editing instructions for the input image patch.

4, The method of clause 2 or 3, wherein the image editing instructions comprise a
displacement vector field defining how the input image patch is to be transformed.

S. The method of clause 2 or 3, wherein the image editing instructions comprise a filter
field, a brightness adjustment field, or a texture blending field.

6. The method of any of clauses 2-5, wherein:

a first image editing algorithm is used by the first machine learning algorithm to define
how the first image editing instructions are to be applied to an input image patch to derive an
output image patch; and

a second image editing algorithm is used by the second machine fearning algorithm to
define how the second image editing instructions are to be applied to an input image patch to
derive an output image patch.

7. The method of clause 6, wherein:

the second image editing instructions are principle component analysis components of a
principle component analysis of the first image editing instructions; and

the second image editing algorithm is configured to transform the second image editing
instructions into the first image editing instructions by inverse principle component analysis
transform.

. The method of clause 6, wherein:

the second image editing instructions are wavelet components of the first image editing
instructions, and

the second image editing algorithm is configured to transform the second image editing

instructions into the first image editing instructions by inverse wavelet transform.
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9. The method of any of clauses 2-8, wherein the first selection instructions for the first
reference data are able to select between a larger number of alternative image editing instructions
than the second selection instructions for the second reference data.
10.  The method of any preceding clause, wherein the first machine learning algorithm is of a
different machine learning algorithm type thao the second machine learning algorithm.
11, The method of any preceding clause, wherein the first machine learning algorithm
comprises one or more of the following: a neural network; a support vector machine; &
generative adversarial network, GAN.
12, The method of any preceding clause, wherein the second machine learning algorithm
comprises one or more of the following: a regression forest; regression ferns, cluster centres, a
fookup table, separable filter banks.
13 The method of any of clauses 1-10, wherein the first machine learning algorithm
comprises a first neural network and the second machine learning algorithm comprises a second
neural network, wherein the second neural network comprises fewer layers and/or smaller
convolution fields than the first neural network.
14, The method of any preceding clause, wherein the target feature comprises one or more of
the following: an eve region comprising at least part of an eye, a nose region comprising at least
part of a nose, a mouth region comprising at least part of a mouth, a chin region comprising at
least part of a chin, a neck region comprising at least part of a neck, and a hair region comprising
hair.
15, The method of any of clauses 1-13, wherein:

the target feature comprises an eye region comprising at least part of an eye and the
adjustment of the image of the head region comprises adjusting a gaze direction;

the target feature comprises a nose region comprising at least part of a nose and the
adjustment of the image of the head region comprises adjusting a shape and/or texture of the
nose,

the target feature comprises a chin region comprising at least part of a chin and the
adjustment of the image of the head region comprises adjusting a shape and/or texture of the

chin;
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the target feature comprises a neck region comprising at least part of a neck and the
adjustment of the image of the head region comprises adjusting a shape and/or texture of the
neck; and/or

the target feature comprises a hair region comprising hair and the adjustment of the image
of the head region comprises adjusting a color of the hair.
16.  The method of any preceding clause, wherein the second image editing instructions in the
second reference data are provided in a compressed representation.
17. The method of clause 16, wherein the compressed representation comprises one or more
of the following: a principle component analysis representation; a wavelet representation;
Fourier and/or discrete cosine transform components; chuster centres,
18. A method of adjusting an image of a head region, the method comprising;

identifying an image paich in the image of the head region, the image patch comprising a
target feature of the image of the head region;

deriving a feature vector from plural local image descriptors of the image patch;

using the feature vector to select image editing instructions from reference data, the
reference data comprising image editing instructions for a range of possible values of the feature
vector; and

applying the selected image editing instructions to the image patch to adjust the image of
the head region, wherein:

the reference data comprises the second reference data generated by the method of any of
clauses 1-17.
19, A method of adjusting an image of a head region, the method comprising:

identifying an image patch in the image of the head region, the image patch comprising a
target feature of the image of the head region;

deriving a feature vector from plural local image descriptors of the image patch;

using the feature vector to select image editing instructions from reference data, the
reference data comprising image editing instructions for a range of possible values of the feature
vector; and

applying the selected image editing instructions to the image patch to adjust the image of

the head region, wherein:
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the image editing instructions in the reference data are provided in a compressed
representation.
20, The method of clause 19, wherein the compressed representation comprises one or more
of the following: a principle component analysis representation; a wavelet representation;
Fourier and/or discrete cosine transform components; cluster centres,
21. A computer program capable of execution by a processor and arranged on execution to
cause the processor to perform a method according to any of the preceding clauses.
22. A computer readable storage medium storing a computer program according to clause 21.
23, A device for generating reference data for adjusting an image of a head region, the device
comprising a data processing unit arranged to:

receive training data comprising:
a set of input image patches, each input image patch comprising information
about a target feature of an image of the head region prior to adjustment of the image of
the head region, wherein the target feature is the same for each input image patch; and
a set of output image patches in one-to-one correspondence with the input image
patches, each output image patch comprising the target portion of the image of the head
region after adjustment of the image of the head region;
use a first machine learning algorithm to generate first reference data using the training
data; and

use a second machine learning algorithm to generate second reference data using the
same training data as the first machive learning algorithm and the first reference data output by
the first machine learning algorithm.
24, A device for adjusting an image of a head region, the device comprising an image
processor arranged to process the image of the head region by:

identifying an image patch in the image of the head region, the image patch comprising
information about a target feature of the image of the head region;

deriving a feature vector from plural local image descriptors of the image patch;

using the feature vector to select image editing instructions from reference data, the
reference data comprising image editing instructions for a range of possible values of the feature

vector, and
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applying the selected image editing instructions to the image patch to adjust the image of
the head region, wherein:

the image editing instructions in the reference data are provided in a compressed
representation.
25, The device of clause 24, further comprising a telecommunications interface arranged to
transmit the adjusted image over a telecommunications network to a destination device for
display thereon.
{151} While various embodiments in accordance with the principles disclosed herein have been
described above, it should be understood that they have been presented by way of example only,
and not limitation. Thus, the breadth and scope of this disclosure should not be limited by any of
the above-described exemplary embodiments, but should be defined only in accordance with any
claims and their equivalents issuing from this disclosure. Furthermore, the above advantages and
features are provided in described embodiments, but shall not limit the application of such issued
claims to processes and structures accomplishing any or all of the above advantages.
{152} Additionally, the section headings herein are provided for consistency with the
suggestions under 37 CFR 1.77 or otherwise to provide organizational cues. These headings shall
not limit or characterize the embodiment(s) set out in any claims that may issue from this
disclosure. Specifically and by way of example, although the headings refer to a "Technical
Field," the claims should not be limited by the language chosen under this heading to describe
the so-called field. Further, a description of a technology in the "Background" is not o be
construed as an admission that certain technology is prior art to any embodiment(s) in this
disclosure. Neither is the "Summary" to be considered as a characterization of the embediment(s)
set forth in issued claims. Furthermore, any reference in this disclosure to "invention” in the
singular should not be used to argue that there is only a single point of novelty in this disclosure.
Multiple embodiments may be set forth according to the limitations of the multiple claims
issuing from this disclosure, and such claims accordingly define the embodiment(s), and their
equivalents, that are protected thereby. In all instances, the scope of such claims shall be
considered on their own merits in light of this disclosure, but should not be constrained by the

headings set forth herein.

37

Microsoft Exhibit 1002 - Page 2364
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



Utility Patent Application
Attorney Ref. No. 409001

Claims:

1. A method of generating reference data for adjusting a digital representation of a head
region, the method comprising:
receiving training data comprising:
a set of input patches, each input patch comprising a target feature of a digital
representation of a head region prior to adjustment of the digital representation of the
head region, wherein the target feature is the same for each input patch; and
a set of cutput patches in one-to-one correspondence with the input patches, each
output patch comprising the target feature of the digtial representation of the head region
after adjustment of the digital representation of the head region;
using a first machine learning algorithm to generate first reference data using the training
data, the first reference data comprising editing instructions for adjusting the digital
representation of the head region for a range of possible digital representations of the head
region; and

using a second machine learning algorithm to generate second reference data using the
samie training data as the first machine leaming algorithm and the first reference data generated
by the first machine learning algorithm, the second reference data comprising editing instructions
for adjusting the digital representation of the head region for a range of possible digital

representations of the head region.

2. The method of claim 1, wherein:

the first reference data comprise first editing instructions for a range of possible
configurations of the target feature and first selection instructions for selecting editing
instructions for a particular input patch from the first editing instructions based on the
configuration of the target feature of the input patch; and

the second reference data comprise second editing instructions for a range of possible
coufigurations of the target feature and second selection instructions for selecting editing
instructions for a particular input patch from the second image editing instructions based on the

configuration of the target feature of the input patch.
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3. The method of claim 2, wherein the configuration of the target feature of each input patch
is represented by a feature vector derived from plural focal descriptors of the input patch, and the
first and second selection instructions define how the feature vector is used to select editing

instructions for the input patch.

4, The method of claim 2 or 3, wherein the editing instructions comprise a displacement

vector field defining how the input patch is to be transformed.

s, The method of claim 2 or 3, wherein the editing instructions comprise a filter field, a

brightness adjustment field, or a texture blending field.

6. The method of any of claims 2-5, wherein:

2 first editing algorithio is used by the first machine learning algoritho to define how the
first editing instructions are to be applied to an input patch to derive an cutput patch; and

a second editing algorithm is used by the second machine learning algorithm to define

how the second editing instructions are to be applied to an input patch to derive an output patch.

~3

The method of claim 6, wherein:

the second editing instructions are principle component analysis components of a
principle component analysis of the first editing instructions; and

the second image editing algorithm s configured to transform the second editing

instructions into the first editing nstructions by inverse principle component analysis transform.

8. The method of claim 6, wherein:

the second editing instructions are wavelet components of the first editing instructions;
and

the second editing algorithm is configured to transform the second editing instructions

into the first editing instructions by inverse wavelet transform.

38

Microsoft Exhibit 1002 - Page 2366
Microsoft Corporation v. RealD Spark, LLC
IPR2023-01046 - U.S. Patent No. 10,740,985



Utility Patent Application
Attorney Ref. No. 409001

9. The method of any of claims 2-§, wherein the first selection instructions for the first
reference data are able to select between a larger number of alternative editing instructions than

the second selection instructions for the second reference data.

10. The method of any preceding claim, wherein the first machine learning algorithm is of a

different machine learning algorithm type than the second machine learning algorithm.

11 The method of any preceding claim, wherein the first machine learning algorithm
comprises one or more of the following: a neural network; a support vector machine; a

generative adversarial network, GAN.

12, The method of any preceding claim, wherein the second machine learning algorithm
comprises one or more of the following: a regression forest; regression ferns, cluster centres, a

tookup table, separable filter banks.

13 The method of any of claimas 1-10, wherein the first machine learning algorithm
comprises a first neural network and the second machine fearning algorithm comprises a second
neural network, wherein the second neural network comprises tewer layers and/or smaller

convolution fields than the first neural network.

14, The method of any preceding claim, wherein the target feature comprises one or more of
the following: an eye region comprising at least part of an eye, a nose region comprising at least
part of a nose, a mouth region comprising at least part of a mouth, a chin region comprising at
{east part of a chin, a neck region comprising at least part of a neck, and a hair region comprising

hair.

1S. The method of any of claims 1-13, wherein:
the target feature comprises an eye region comprising at least part of an eye and the

adjustment of the digital representation of the head region comprises adjusting a gaze direction;
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the target feature comprises a nose region comprising at least part of a nose and the
adjustment of the digital representation of the head region comprises adjusting a shape and/or
texture of the nose;

the target feature comprises a chin region comprising at least part of a chin and the
adjustment of the digital representation of the head region comprises adjusting a shape and/or
texture of the chin;

the target feature comprises a neck region comprising at least part of a neck and the
adjustment of the digital representation of the head region comprises adjusting a shape and/or
texture of the neck; and/or

the target feature comprises a hair region comprising hair and the adjustment of the

digital representation of the head region comprises adjusting a color of the hair.

16.  The method of any preceding claim, wherein the second editing instructions in the second

reference data are provided in a compressed representation.

17. The method of claim 16, wherein the compressed representation comprises one or more
of the following: a principie component analysis representation; a wavelet representation;

Fourier and/or discrete cosine transform components; cluster centers,

18. A method of adjusting a digital representation of a head region, the method comprising
receiving a digital representation of a head region; and
using reference data comprising editing instructions to adjust the digital representation of
the head region, wherein the reference data comprises the second reference data generated by the

method of any of claims 1-17.

19. A method of adjusting a digital representation of a head region, the method comprising:
identifying a target patch in the digital representation of the head region, the target patch
compriging a target feature of the digital representation of the head region;

deriving a feature vector from plural local descriptors of the target patch;
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using the feature vector to select editing instructions from reference data, the reference
data comprising editing instructions for a range of possible values of the feature vector; and

applying the selected editing instructions to the target patch to adjust the digital
representation of the head region, wherein:

the reference data comprises the second reference data generated by the method of any of

claims 1-17.

20. A method of adjusting a digital representation of a head region, the method comprising:
identifying a target patch in the digital representation of the head region, the target patch
comprising a target feature of the digital representation of the head region;
deriving a feature vector from plural local descriptors of the target patch;
using the feature vector to select editing instructions from reference data, the reference
data comprising editing instructions for a range of possible values of the feature vector; and
applying the selected editing instructions to the target patch to adjust the digital
representation of the head region, wherein:

the editing instructions in the reference data are provided in a compressed representation.

21 The method of claim 20, wherein the compressed representation comprises one or more
of the following: a principle component analysis representation; a wavelet representation;

Fourier and/or discrete cosine transform components; cluster centres,

22, The method of any of claims 18-21, wherein a plurality of the digital representations of
the head region are received and adjusted, each digital representation being captured from the
head region at a different point in time, and the method further comprises updating the second
machine learning algorithm using editing instructions generated by the first machine learning

algorithm using one or more of the received and adjusted digital representations.

23, The method of clairn 22, wherein the updating of the second machine learning algorithm

is performed at or near input data frame rate.
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24, The method of claim 23, wherein only a subset of the received and adjusted digital

representations are used to update the second machine learning algorithim.

25. A method of training a machine learning algorithm to adjust a digital representation of a
head region, comprising;
receiving iraining data comprising;

a set of input patches, each input patch comprising a target feature of a digital
representation of a head region prior to adjustment of the digital representation of the
head region, wherein the target feature is the same for each input patch; and

first reference data generated by a pre-trained tfirst machine learning algorithm,
the first reference data comprising a set of editing instructions in one-to-one
correspondence with the input patches, each editing instruction being for adjusting the
digital representation of the head region;
updating a pre-trained second machine learning algorithm trained to generate second

reference data, where the input for the updating comprises the training data and the generated
first reference data, the second reference data comprising editing instructions for adjusting the

digital representation of the head region.

26. The method of claim 25, wherein the updating of the second machine learning algorithm

is performed at or near input data frame rate.

27. A method of training a machine learning algorithm to adjust a digital representation of a
head region, the method comprising:

receiving training data comprising a set of input digital representations of a head region;

training a first machine learning algorithm using the training data to perform an
adjustment of a digital representation of a head region;

using the trained first machine learning algorithm to generate first reference data, the first
reference data comprising an adjusted digital representation of the head region for each of at

least a subset of the input digital representations, each adjusted digital representation being
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obtained by performed the adjustment that the first machine learning algorithm was trained to
perform; and

training a second machine learning algorithm using at least a subset of the training data
used to train the first machine learning algorithm and the first reference data to perform the same

adjustment of a digital representation of a head region as the first machine learning algorithm.

28.  The method of claim 27, wherein the adjustment of the digital representation comprises
converting from a two-dimensional digital representation to a three-dimensional digital

representation.

29. The method of claim 28, wherein the training of the first machine learning algorithm
comprises iteratively using a rendering process to generate a two-dimensional digital

representation from a three-dimensional digital representation generated by the first machine
tearning algorithm and comparing the generated digital representation with a corresponding

digital representation in the training data.

30, The method of any of claims 25-29, further comprising receiving a further digital
represertation of the head region and using the updated or trained second machining learning

algorithm to adjust the further digital representation.

31 A computer prograru capable of execution by a processor and arranged on execution to

cause the processor to perform a method according to any of the preceding claims.

32. A computer readable storage medium storing a computer program according to claim 31,

33 A device for generating reference data for adjusting a digital representation of a head
region, the device comprising a data processing unit arranged to:
receive training data comprising:
a set of input patches, each input patch comprising information about a target

feature of a digital representation of the head region prior to adjustment of the digital
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representation of the head region, wherein the target feature is the same for each input
patch; and
a set of output patches in one-to-one correspondence with the input patches, each

output patch comprising the target portion of the digital representation of the head region

after adjustment of the digital representation of the head region;

use a first machine learning algorithm to generate first reference data using the training
data; and

use a second machine learning algorithm to generate second reference data using the
same training data as the first machine learning algorithm and the first reference data output by

the first machine learning algorithm.

34, The device of claim 33, wherein:

the first reference data comprises editing instructions for adjusting the digital
representation of the head region for a range of possible digital representations of the head
region;

the second reference data comprises editing instructions for adjusting the digital
representation of the head region for a range of possible digital representations of the head
region;

the second editing instructions in the second reference data are provided in a compressed

representation.

35. A device for adjusting a digital representation of a head region, the device comprising a
data processing unit arranged to process the digital representation of the head region by:
identifying a target patch in the digital representation of the head region, the target patch
comprising information about a target feature of the digital representation of the head region;
deriving a feature vector from plural local descriptors of the target patch;
using the feature vector to select editing instructions from reference data, the reference
data comprising editing instructions for a range of possible values of the feature vector; and
applying the selected editing instructions to the target patch to adjust the digital

representation of the head region, wherein:
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the editing instructions in the reference data are provided in a compressed representation.

36. The device of any of claims 33-35, further comprising a telecommunications interface

arranged to transmit the adjusted digital representation over a telecommunications network to a

destination device to allow display of the head region thereoun.
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Abstract

Methods and devices for generating reference data for adjusting a digital representation of a head
region, and methods and devices for adjusting the digital representation of a head region are
disclosed. In some arrangements, training data are received. A first machine learning algorithm
generates first reference data using the training data. A second machine learning algorithm
generates second reference data using the same training data and the first reference data

generated by the first machine learning algorithm.
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