wo 2014/014603 A2 11}/ 00O O O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/014603 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

23 January 2014 (23.01.2014) WIPOIPCT
International Patent Classification: (81)
HO4N 13/00 (2006.01)
International Application Number:

PCT/US2013/046407

International Filing Date:
18 June 2013 (18.06.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/552,370 18 July 2012 (18.07.2012) US

Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morehouse
Drive, San Diego, California 92121-1714 (US).

Inventors: DANE, Gokee; 5775 Morehouse Drive, San
Diego, California 92121-1714 (US). BHASKARAN, Vas-
udev; 5775 Morehouse Drive, San Diego, California
92121-1714 (US).

Agent: ERICKSON, Bryan F.; Shumaker & Sieffert,
P.A., 1625 Radio Drive, Suite 300, Woodbury, Minnesota
55125 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

[Continued on next page]

(54) Title: CROSSTALK REDUCTION WITH LOCATION-BASED ADJUSTMENT IN MULTIVIEW VIDEO PROCESSING

(57) Abstract: In one example, a method includes identifying a pixel in an
image frame that is a candidate for causing crosstalk between the image
frame and a corresponding image frame in a multiview image system. The
method further includes, for a pixel identified as a candidate for causing
crosstalk, applying crosstalk correction to the pixel. The method further in-
cludes applying a location-based adjustment to the pixel, wherein the loca-

250

tion-based adjustment is based at least in part on which of two or more por-

tions of the image frame the pixel is in.

62

72 {

82;

FIG. 14



WO 2014/014603 A2 WAL 00V 000 T A

— as to the applicant's entitlement to claim the priority of Published:
the earlier application (Rule 4.17(iii)) —  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))




WO 2014/014603 PCT/US2013/046407

CROSSTALK REDUCTION WITH LOCATION-BASED ADJUSTMENT IN
MULTIVIEW VIDEO PROCESSING

TECHNICAL FIELD
[0001] This disclosure relates to techniques for video processing, and more specifically

to techniques for multiview video processing.

BACKGROUND

[0002] Digital video capabilities can be incorporated into a wide range of devices,
including digital televisions, digital direct broadcast systems, wireless broadcast
systems, personal digital assistants (PDAs), laptop or desktop computers, digital
cameras, digital recording devices, digital media players, video gaming devices, video
game consoles, cellular or satellite radio telephones, video teleconferencing devices, and
the like. Digital video devices implement video compression techniques, such as those
described in the standards defined by MPEG-2, MPEG-4, ITU-T H.263, ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), the High Efficiency Video
Coding (HEVC) standard presently under development, and extensions of such
standards, to transmit, receive and store digital video information more efficiently.
[0003] Extensions of some of the aforementioned standards, including H.264/AVC,
provide techniques for multiview video coding in order to produce stereo or three-
dimensional (“3D”) video. In particular, techniques for multiview coding have been
used with the scalable video coding (SVC) standard (which is the scalable extension to
H.264/AVC) and the multiview video coding (MVC) standard (which has become the
multiview extension to H.264/AVC). SVC and MVC extensions may also be developed
for the HEVC standard.

[0004] Typically, stereo video is achieved using two views, ¢.g., a left view and a right
view. A picture of the left view can be displayed substantially simultaneously with a
picture of the right view to achieve a three-dimensional video effect. For example, a
user may wear polarized, passive glasses that filter the left view from the right view.
Alternatively, the pictures of the two views may be shown in rapid succession, and the
user may wear active glasses that rapidly shutter the left and right eyes at the same

frequency, but with a 90 degree shift in phase.
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SUMMARY

[0005] In general, this disclosure describes techniques for multiview video processing.
In particular, this disclosure is related to crosstalk and ghosting reduction in multiview
video coding.

[0006] In one example of the disclosure, a method of processing multiview video
includes identifying a pixel in an image frame that is a candidate for causing crosstalk
between the image frame and a corresponding image frame in a multiview image
system. The method further includes, for a pixel identified as a candidate for causing
crosstalk, applying crosstalk correction to the pixel. The method further includes
applying a location-based adjustment to the pixel, wherein the location-based
adjustment is based at least in part on which of two or more portions of the image frame
the pixel is in.

[0007] In another example of the disclosure, a computer-readable medium stores
executable instructions for a causing a processor to perform multiview video processing.
This includes executable instructions for causing a processor to identify a pixel in an
image frame that is a candidate for causing crosstalk between the image frame and a
corresponding image frame in a multiview image system. This further includes
executable instructions for causing a processor to, for a pixel identified as a candidate
for causing crosstalk, apply crosstalk correction to the pixel. This further includes
executable instructions for causing a processor to apply a location-based adjustment to
the pixel, wherein the location-based adjustment is based at least in part on which of
two or more portions of the image frame the pixel is in.

[0008] In another example of the disclosure, an apparatus includes means for
identifying a pixel in an image frame that is a candidate for causing crosstalk between
the image frame and a corresponding image frame in a multiview image system. The
apparatus further includes, for a pixel identified as a candidate for causing crosstalk,
means for applying crosstalk correction to the pixel. The apparatus further includes
means for applying a location-based adjustment to the pixel, wherein the location-based
adjustment is based at least in part on which of two or more portions of the image frame
the pixel is in.

[0009] The details of one or more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent

from the description and drawings, and from the claims.
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BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a block diagram illustrating an example multiview video processing
System.

[0011] FIG. 2 depicts an example device that is capable of playing videos and/or
rendering images.

[0012] FIGS. 3 and 4 illustrate a pair of corresponding image frames that may be
displayed simultanecously in different views in a multiview video.

[0013] FIG. 5 depicts a flowchart for an example process for multiview video
processing.

[0014] FIGS. 6 and 7 conceptually depict a processing stage for a pair of corresponding
image frames that may be displayed simultancously in different views in a multiview
video / FIG. 6 and FIG. 7 depict an example of an intermediate stage of crosstalk
reduction candidate (CRC) mapping of a matched pair of right view image frame and
left view image frame.

[0015] FIG. 8 and FIG. 9 depict simplified illustrations of crosstalk reduction candidate
(CRC) mapping in a matched pair of right view image frame and left view image frame
after both disparity mapping and intensity transition mapping.

[0016] FIG. 10 and FIG. 11 depict additional illustrations of crosstalk reduction
candidate (CRC) mapping in a matched pair of right view image frame and left view
image frame after both disparity mapping and intensity transition mapping.

[0017] FIG. 12 depicts a 2D look-up table based crosstalk processing block in an
illustrative example of a crosstalk reduction process.

[0018] FIG. 13 depicts a curve collection of various examples of fitted curves that may
be used to model crosstalk reduction parameters and applying crosstalk reduction to
image frames for multiview video processing.

[0019] FIG. 14 shows an example of image frame divided into an array of different
regions for which different location based adjustment may be performed for multiview
video processing.

[0020] FIG. 15 is a block diagram illustrating an example video encoding and decoding
system that may be configured to utilize techniques for multiview video processing in

accordance with examples of this disclosure.
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DETAILED DESCRIPTION

[0021] In general, this disclosure describes techniques for processing multiview video
data, e.g., video data used to produce a three-dimensional (3D) effect. In particular, this
disclosure relates to techniques to reduce crosstalk and ghosting in multiview video
processing. The techniques of this disclosure include identifying differences in intensity
between pairs of pixels in an image frame and identifying significant disparity between
co-located pairs of pixels in the image frame and a corresponding image frame in a pair
of image frames (e.g., left view and right view) used for 3D display, and applying a
crosstalk correction parameter based on the identifications, in multiview video
processing. The techniques of this disclosure also include identifying pixels that are
candidates for crosstalk correction, and applying a crosstalk correction parameter that is
based at least in part on which of two or more portions of the image frame the pixel is
n.

[0022] Generally, to produce a sterecoscopic view or three-dimensional (3D) effect in
video, two views of a scene, e.g., a left eye view and a right eye view, may be shown
simultaneously or nearly simultancously. Two pictures of the same scene,
corresponding to the left eye view and the right eye view of the scene, may be captured
from slightly different horizontal positions, representing the horizontal disparity
between a viewer’s left and right eyes. By displaying these two pictures simultancously
or nearly simultaneously, such that the left eye view picture is perceived by the viewer’s
left eye and the right eye view picture is perceived by the viewer’s right eye, the viewer
may experience a three-dimensional video effect. Other multiview coding may also be
performed, such as to provide different perspective views, e.g., left, center, right,
worm’s-eye, bird’s-eye, etc., or to provide different levels of depth suitable for different
sizes or resolutions of display screens, for example, with pairs of left and right image
frames for each of these different multiview perspectives or depth levels.

[0023] Crosstalk is incomplete isolation of the emissive output of the left and right
image channels in a 3D or other multiview video system, which causes the luminance
dedicated to one of the two image channels to leak into the other image channel.
Ghosting is a subjective term for the perception of crosstalk. Ghosting may vary from
crosstalk depending on the content of the multiview image. Ghosting, or crosstalk as

perceived by the viewer, is a function of the system crosstalk, the disparity between the
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two views of the image, and the image contrast. The two may be referred to together as
crosstalk/ghosting where both are applicable.
[0024] For example, a viewer may perceive ghosting in a region of a multiview image
when there is a relatively high disparity between the corresponding pixels of a region in
the two corresponding multiview image frames, in combination with a relatively high
transition in intensity in that region of the two corresponding image frames. The
disparity between the two states of a region in the two corresponding multiview image
frames is associated with a transition in depth in the multiview image, i.¢., a transition
between an apparently close-up object and an apparently distant background, while the
transition in intensity is a transition in brightness, i.c. a contrast between a bright area of
the image and a dark area. The visibility of ghosting therefore increases with increasing
depth, i.e. increasing left-right disparity, and with increasing transition in brightness, i.e.
a sharp contrast between adjacent light and dark areas. The visibility of ghosting also
increases with increasing backlight level, where a higher backlight level causes a lower
level of background black.
[0025] Crosstalk/ghosting is one of the most important quality attributes that affects 3D
picture quality, in both 3D videos/movies and 3D gaming. Side effects of
crosstalk/ghosting may include loss of 3D effect, loss of depth resolution, loss of image
contrast, and viewer discomfort. Some reports have indicated that perceptible ghosting
effects and degradation of 3D visual quality typically begins to occur when system
crosstalk reaches a level in a range of 2 to 6%.
[0026] There may be a lot of non-uniformity on 3D displays, such that applying one
crosstalk method on all the pixels displayed on the screen might introduce crosstalk
instead of reducing it. Techniques of this disclosure may illustratively include display
processors that perform two-dimensional, location-based crosstalk adjustment. This
may provide better quality crosstalk correction than simply applying uniform crosstalk
correction on all pixels on a screen.
[0027] The preprocessing module may provide an extra layer of quality protection by
identifying areas that would really benefit from crosstalk reduction, which may include
only a relatively small proportion of an image frame, and only applying crosstalk
reduction in those areas. In some examples, this relatively small proportion of the
image frame the preprocessing module identifies as targets for crosstalk reduction may
involve 10 to 15% of the pixels in the image frame. Only applying crosstalk reduction

to a potentially relatively small proportion of an image frame may impose a low burden
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on bandwidth and processing sources and therefore allow crosstalk reduction to be
applied without resorting to bandwidth reduction techniques that might involve using
lower quality reference frames or using the wrong indexes for look-up tables. Only
applying crosstalk reduction to a potentially relatively small proportion of an image
frame may also require fewer hardware cycles and may help save hardware area.
[0028] FIG. 1 is a block diagram illustrating an example multiview video processing
system 100. A particular example of the multiview video processing techniques of this
disclosure is shown in the high-level schematic block diagram of multiview video
processing system 100 in FIG. 1, which is described with reference to illustrative
examples as follows. In the example of FIG. 1, multiview video processing method 100
includes pre-processing block 110, crosstalk reduction processing block 120, and post-
processing block 130. “Crosstalk reduction” and “crosstalk correction” are used
interchangeably throughout this disclosure, and in either case, may illustratively refer to
an effect, measure, or parameter applied to reduce, compensate for, eliminate, cancel, or
correct for crosstalk/ghosting.
[0029] Pre-processing block 110 includes range mapping module 118 and crosstalk
region mapping module 112, in this example. Crosstalk region mapping module 112
includes disparity mapping module 114 and intensity transition mapping module 116.
Disparity mapping and intensity transition mapping may be performed in any order.
Post-processing block 130 includes location based adjustment module 132. Multiview
video processing system 100 may be implemented in the form of a method, a device, an
apparatus, a means for performing a function, an integrated circuit or a set of integrated
circuits (e.g., a chip set), a computer-readable medium, or a combination thereof, in
various examples. In the context of multiview video processing system 100 of FIG. 1, a
“processing block™ or “block” or “module” may refer to a step or set of steps in a
method, or a module or portion of a device, apparatus, means for performing a function,
or computer-readable medium that performs or processes the indicated functions. To
the extent that a module is implemented with software, the software executes on one or
more hardware elements and is not to be considered software per se.
[0030] In crosstalk region mapping module 112 of pre-processing block 110, disparity
mapping module 114 may perform a comparative analysis of a pair of corresponding
left and right multiview image frames for the same temporal position, and generate a
map that identifies pixels or regions of pixels in the pair of corresponding left and right

multiview image frames that have relatively high disparity between the two frames, that
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cause a large perceived depth transition. Intensity threshold mapping module 116 may
analyze pairs or sets or regions of pixels within an individual frame, and generate a map
that identifies pairs of pixels within a frame that have a relatively high intensity
threshold, e.g., that have a bright area and a dark area proximate to each other in the
image frame. The intensity threshold in an example of 8-bit images may, for example,
be a transition of 10 between co-located pixels. Other threshold values may also be
used in other examples, such as a transition of 20, 40, or 80 in 10-bit images, or a
transition of 80, 160, or 320 in 12-bit images. These are merely illustrative values, and
other values may also be used in other examples. Pre-processing block 110 may also
include range mapping module 118, which may identify values of the backlight or level
of background black applicable to regions or pixels of an image frame.
[0031] Crosstalk reduction processing block 120 generates initial crosstalk correction
parameters or values for the pixels of an image frame, and may accomplish this in a
variety of ways. In some examples, crosstalk reduction processing block 120 uses the
option of a 2D look-up table (LUT) 122 in which the look-up table is characterized by
display measurements. This technique may pose a relatively lower processing burden.
In some examples, crosstalk reduction processing block 120 uses the option of equation-
based processing 124. This technique may enable crosstalk reduction processing block
120 to generate initial crosstalk correction with relatively higher precision and requiring
less data storage space, in some implementations.
[0032] Post-processing block 130 may use any of a variety of techniques to modify the
crosstalk correction parameters for the pixels of an image frame. For example, post-
processing block 130 may adjust the crosstalk reduction parameters as a function of the
location of the pixel in the image frame, and correspondingly, the location of the pixel
on a screen or display on which the image may be rendered. Crosstalk and ghosting
may occur differently in portions of an image frame or based on which portions of a
screen or display on which a portion of an image is rendered. Post-processing block
130 may specifically modify the crosstalk correction parameters to take into account
and compensate for this location-based differential crosstalk, i.e., the differences in
crosstalk between different portions of the image frame.
[0033] Various aspects of multiview video processing system 100 as shown in FIG. 1
are further described below and depicted in the corresponding figures.
[0034] The techniques of this disclosure may be described with reference to the
multiview video coding (MVC) extension of the H.264/AVC (advanced video coding)
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standard, as an illustrative example of how the techniques of this disclosure may be
implemented. The latest joint draft of MV C is described in JVT-ADO007, “Editors’ draft
revision to ITU-T Rec. H.264 | ISO/IEC 14496-10 Advanced Video Coding,” 30th JVT

meeting, Geneva, Switzerland, Jan.-Feb. 2009, available from http://wftp3.itu.int/av-

arch/jvt-site/2009 01 Geneva/JVT-ADOQ7, which is hereby incorporated by reference.

While techniques of this disclosure may be described in terms of H.264/AVC, it should
be understood that the techniques of this disclosure may be applicable for use with other
multiview video coding processes, or with future multiview extensions to currently
proposed video coding standards.

[0035] Coding of two views may also be supported by MVC. One of the advantages of
MVC is that an MVC encoder may take more than two views as a 3D video input and
an MVC decoder may decode such a multiview representation. So, any renderer with
an MVC decoder may be configured to handle 3D video content with multiple views.

In MVC, inter-view prediction is accomplished by allowing prediction among pictures
in the same access unit (i.e., within the same time instance or temporal position). When
coding a picture in one of the non-base or non-reference views, a picture may be added
into a reference picture list if it is in a different view but within the same time instance.
An inter-view prediction reference picture can be put in any position of a reference
picture list, just like any inter prediction reference picture.

[0036] FIG. 2 depicts an example device 200 that is capable of playing videos and/or
rendering images. As depicted in FIG. 2, device 200 is displaying an image that may be
3D image rendered as a pair of corresponding multiview image frames in accordance
with any of a variety of multiview display techniques as described above. Device 200
as shown in FIG. 2 may implement all or part of multiview video processing system 100
as shown in FIG. 1. The image being rendered on device 200 may be one 3D image in a
series of 3D images forming a 3D video output, which may be a movie, a video clip, a
T.V. show episode, a video game output, video conferencing output, or any other type
of live or pre-recorded video. Device 200 may display the 3D video output based on a
streaming input signal being transmitted over a wireless or hard-line network or
transmission medium, or based on a locally stored video file that may be stored more or
less in its entirety on a more or less local storage medium, and may previously have
been downloaded and written to that storage medium. Device 200 may take the form of
any of a variety of devices such as a smartphone, a tablet computer, a television, a

computer monitor, a media player, a video gaming device, a monitor connected to a
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video gaming console, or any other kind of device capable of rendering 3D video or
multiview video. Device 200 as shown in FIG. 2 provides a context for 3D video
rendering and processing as described with reference to the subsequent figures.
[0037] Considering an example of the pre-processing block 110 as shown in FIG. 1,
pre-processing block 110 may scan pixel intensity values, such as luminance values, of
pixels in an image frame to generate a crosstalk region map of the image frame.
Generating the crosstalk region map of the image frame includes identifying pixels that
are candidates for causing crosstalk between the image frame and a corresponding
image frame in a multiview image system, such as the corresponding left and right
image frames in a 3D video system, and that are candidates for applying crosstalk
cancellation. For example, two corresponding 3D image frames for the image being
rendered on device 200 in FIG. 2 are shown in FIGS. 3 and 4.
[0038] FIGS. 3 and 4 illustrate a pair of corresponding image frames 210 and 220 that
may be displayed simultaneously in different views in a multiview video. FIG. 3 shows
a right view image frame 210, and FIG. 4 shows a left view image frame 220, that
together may correspond to the 3D image rendered on device 200 in FIG. 2. In right
view image frame 210, foreground character 202 is positioned leftward compared to
background objects 204, 206, while in left view image frame 220, foreground character
202 is positioned rightward compared to background objects 204, 206. Thus, when
right view image frame 210 is exposed to a viewer’s right eye at the same time or within
a sufficiently proximate point in time that the left view image frame 220 is exposed to a
viewer’s left eye, the two frames 210, 220 together cause the viewer to perceive a three-
dimensional image out of the combination of the two image frames. A pair of image
frames may be considered to be an effectively simultaneous pair of image frames, or
effectively occurring at the same temporal position, if the pair of image frames is
displayed in rapid succession in coordination with an active 3D viewing device that
alternates the view of a viewer’s eyes, such that the viewer perceives the two image
frames at effectively the same time, for example. When device 200 renders a rapid
succession of 3D pairs of image frames, the viewer may perceive the succession of pairs
of image frames as a 3D video.
[0039] The differential left-right positioning of the foreground character 202 relative to
the background objects 204, 206 in image frames 210 and 220 may be illustrated by
comparing the displacement of the lower-left edge of foreground character 202 at the

bottom of the image frame from the lower-left corner of the image frame. This
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displacement 203 A in right view image frame 210 is relatively small, while this
displacement 203B in left view image frame 220 is significantly greater relative to
displacement 203 A in right view image frame 210. The combined image depicted in
FIG. 2 as being rendered by device 200 shows foreground character 202 in a relatively
intermediate position to represent the perception of a viewer, while foreground character
202 is not actually positioned in the intermediate position shown in FIG. 2 in any single
real image frame. The example shown in FIGS. 3 and 4 is a simplified example, and in
other pairs of 3D images, various objects and portions of objects may be rendered to
appear at any apparent depth in a continuous range of depth, just as in viewing the
actual three-dimensional world.
[0040] Device 200 may include or have access to a multiview video processing system
such as system 100 as shown in FIG. 1, or other implementation. Device 200 may
incorporate hardware and/or software elements constituting all of system 100, or all or
portions of system 100 may operate or be positioned at other locations and may be in
communicative connection with device 200 so that system 100 is accessible to device
200. An example is described as follows in which system 100 operates on behalf of
device 200, where system 100 may be incorporated in or be accessible to device 200.
[0041] System 100 may apply crosstalk reduction techniques when processing right
view image frame 210 and left view image frame 220, such as after decoding the image
frames. In an example of system 100 rendering the image frames, system 100 may
identify crosstalk candidate pixels using two criteria. Crosstalk/ghosting is more visible
when there is inter-image disparity between the left and right images in a corresponding
pair of images, corresponding with transitions in depth between foreground objects and
the background, so system 100 may evaluate inter-image disparity as the first criterion.
Crosstalk/ghosting is also more visible in sharp transitions in intensity, ¢.g., at an edge
between a dark area and a bright area within a single image frame, so system 100 may
evaluate intensity transitions as the second criterion. System 100 may evaluate for
intensity transitions in luminance, as well as in one or more chrominance values or
some other pixel intensity value. System 100 may evaluate and/or map inter-frame
disparity and intra frame intensity transition in any order, e.g., system 100 may map
inter-frame disparities and then intra frame intensity transitions, or intra frame intensity
transitions and then inter-frame disparities.
[0042] FIG. 5 depicts a flowchart for an example process 300 for multiview video

processing. System 100 may use a process 300 (implemented in software, hardware, or



WO 2014/014603 PCT/US2013/046407

11
a combination thereof) to generate a crosstalk/ghosting map (referred to going forward
as a “crosstalk map”), as shown in FIG. 5. The process 300 performed by system 100
may evaluate intensity transitions among proximate pixels (i.e., pixels proximate to one
another) within a given image frame, i.c., intra frame intensity threshold detection, as
well as evaluating disparities between pixels in the same positions between two
corresponding, temporally matched image frames giving the left and right views of a 3D
pair of image frames, i.c., inter frame disparity detection. The intra frame intensity
threshold detection component of the process 300 may correspond with intensity
threshold mapping block 116 of FIG. 1, and the inter frame disparity detection
component of the process 300 may correspond with disparity mapping block 114 of
FIG. 1. The inter frame disparity detection portion of the process 300 and the inter
frame disparity detection of the process 300 may be performed in any order, including
an overlapping or simultancous order.
[0043] In the example illustrated in FIG. 7, system 100 applies an edge detection filter
Su. An example filter mask may apply an edge detection filter to each pixel (302) to
obtain a value S,y (304), which is a measure of the transition in intensity for each pixel,
where Sou= Su * Input. For example, an edge detection filter of Sy=[-1 0 1] may be
applied. Other examples may use edge detection filters of varying lengths and forms. If
Sout > Transition_ TH, where Transition TH is a predetermined or previously selected
transition threshold (306), system 100 marks the pixel as “LT” for “large transition”
(308). System 100 may separately evaluate for transitions in intensity in luminance,
chrominance, or other pixel intensity values. Evaluation of transitions in luminance will
be described for purposes of illustration. System 100 may apply this filter to every pixel
within the row length of a given pixel, and if S,y for any of those pixels is greater than
the transition threshold, system 100 may mark the given pixel as LT.
[0044] In evaluating for intensity transitions, system 100 may evaluate for large
transitions within a one-dimensional (1-D) neighborhood of a selected row length
(measured in number of pixels) of a current or given pixel under evaluation. For
example, for a given pixel, system 100 may evaluate the other pixels in the same row as
the given pixel out to a selected row length of 32 pixels, or 64 pixels, or 128 pixels, or
some other length of pixels on cither side of the given pixel under evaluation. System
100 may measure the intensity transition between a given pixel and the other pixels
within the selected row length around the given pixel by any of a number of measures.

System 100 may optimize the intensity threshold detection process by combining
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processing of intensity measurements in pixel rows as applied to each pixel within the
row, to avoid duplication of processing and constrain algorithmic complexity.
[0045] For example, system 100 may determine which other pixel within the selected
row length of the given pixel has the maximum difference in value of luminance,
chrominance, or other intensity measure from the selected pixel, and may take that
maximum difference as the intensity delta for the given pixel. System 100 may then
compare the intensity delta of the given pixel with a selected intensity transition
threshold, which may be stated in the same measure as the intensity delta, e.g.,
luminance, chrominance, or other intensity measure, and if the intensity delta for the
given pixel is above the selected intensity transition threshold in that measure, system
100 may mark the given pixel as “LT” for large transition, i.c., a high intensity
transition. System 100 may also use a variety of other techniques for designating pixels
as having a high intensity transition, such as using a sliding threshold in combination
with pixel row distance, for example, that includes applying a variable selected
threshold that is relatively smaller for shorter pixel separation and is relatively larger for
greater pixel separation up to the end of the selected pixel row length. Pixels marked as
“LT” may be considered as candidates for crosstalk correction, when considered in
combination with differences in inter frame disparity. A pixel may be marked as LT if
either its Sout exceeds the threshold, or at least one other pixel within the selected row
length of the given pixel has an S, that exceeds the threshold.
[0046] System 100 may also compare each given pixel with the corresponding pixel in
the same, co-located position in the other image frame in the temporally matched,
left/right pair of image frames (312). As with the intensity transitions, system 100 may
also evaluate luminance, chrominance, or some other value in the pixels. System 100
may evaluate the difference between the two co-located pixels in corresponding left and
right image frames and obtain a value 8(i,j)=|L(1,j)-R(i,j)| as the inter-pixel disparity
(314). In this example, L(i, j) indicates the intensity of the left view pixel and R(1, j)
indicates the intensity of the right view pixel, where such pixels are at co-located
positions within the respective views. System 100 may evaluate whether the disparity is
greater than a disparity threshold Disparity TH, i.e. 6(1,j)=|L(1,j)-R(i,j)> Disparity TH
(316), and if so, system 100 marks the corresponding pixel as “LD” for “large disparity”
(318). That is, “disparity” may refer to inter-view intensity difference in a collocated or

matching pixel position between inter-view image frames, i.c., at matching or
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corresponding pixel positions in the image frames for different views at the same point
in time.
[0047] System 100 may then compare for pixels that are marked both “LT” and “LD”
(322), and for pixels marked as both, system 100 may identify these pixels as crosstalk
reduction candidates (CRC) and add these pixels to a map of the crosstalk reduction
candidates on the image frame (324).
[0048] FIG. 6 and FIG. 7 depict an example of an intermediate stage of crosstalk
reduction candidate (CRC) mapping of the matched pair of right view image frame 210
and left view image frame 220, here labeled 210B and 220B. In particular, FIGS. 6 and
7 show a simplified view of intermediate results of a disparity comparison between the
two image frames maps of pixel blocks in portions of the image frames of the matched
3D pair of image frames. These pixel blocks are areas in which the crosstalk region
mapping / pre-processing as described above identifies both LD and LT pixels,
including pixels within a selected distance of intensity transitions. Other examples of
the CRC mapping may include only horizontal rows around the candidate pixels rather
than whole pixel blocks, though in the example depicted in FIGS. 6 and 7, pixel blocks
are identified surrounding and proximate to pixels identified as having large inter-frame
disparity, and accordingly marked as “LD”. Each pixel block may contain one or more
and potentially up to a large number of pixels identified as both LD and LT and
therefore identified as targets for crosstalk reduction. Each pixel block may
illustratively extend to 32, 64, 128, or some other number of pixels to either side of each
crosstalk reduction candidate pixel, for example, and a typical crosstalk reduction
candidate (CRC) mapping may be more complicated than the simplified depiction of
FIGS. 6 and 7. The inter-frame disparity processing may include a capability of
detecting large image portions with translational non-disparity (i.e. non-disparity or lack
of inter-frame contrast of translational displacement), shown at 222 and 224, and
omitting those portions from the disparity map. The disparity analysis processing also
detects some image portions, shown at 226 and 228, that have disparity but do not have
any sharp intensity transitions, such that the intensity transition analysis processing will
omit these image portions from being marked for a large intensity transition. Therefore,
these regions may be marked LD but not LT. In some examples, these pixels marked as
LD but not LT are processed as candidates for crosstalk reduction. In other examples,
only regions marked both LD and LT are processed as candidates for crosstalk

reduction.
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[0049] FIG. 8 and FIG. 9 depict simplified illustrations of the crosstalk reduction
candidate (CRC) mapping in the matched pair of right view image frame 210 and left
view image frame 220, here labeled 210C and 220C, after both disparity mapping and
intensity transition mapping (which may be performed in any order, including in
parallel or in overlapping order). Right view image frame 210C shows representative
pixel blocks in portions of the image frame that are found to have both large intensity
transitions and large disparity between the two matched image frames 210C and 220C
of the matched 3D pair of image frames. Similarly, left view image frame 220C shows
representative pixel blocks in portions of the image frame that are found to have both
large intensity transitions (LT) and large disparity (LD) between the two matched image
frames 210C and 220C of the matched 3D pair of image frames. While relatively large
representative pixel blocks are depicted for the sake of a simplified view in FIGS. 8 and
9, various examples may apply intensity transition threshold and disparity threshold
filters on a pixel-by-pixel basis. Additional pixels may also be included as crosstalk
reduction processing candidates for being within a selected distance of intensity
transition candidates, where the distance may be linear within a row or column, or
rectangular within a rectangular block of rows and columns, or circular within a radius
R defined as the square root of a sum of row squared and column squared (e.g.,
sqrt(M*xN?%)), or within an elliptical function (c.g., PF,+PF, = 2a), or any other function,
in various examples.
[0050] FIG. 10 and FIG. 11 depict additional illustrations of the crosstalk reduction
candidate (CRC) mapping in the matched pair of right view image frame 210 and left
view image frame 220, here labeled 210D and 220D, after both disparity mapping and
intensity transition mapping, on a finer-scale, pixel-by-pixel basis that is small-scale
enough relative to the image size that it may appear continuous at this scale. The groups
of pixels 210D and 220D may be those pixels that have been identified as having a
disparity between pixels in co-located pairs of pixels between the two image frames that
are greater than a selected disparity threshold, and as being within a selected distance of
an intensity transition that is greater than a selected intensity transition threshold. The
distance to intensity transitions may be evaluated within a circular range of each pixel in
this example, such as may be measured as the square root of the sum of a horizontal
pixel distance squared and a vertical pixel distance squared.
[0051] As indicated above, other examples of the CRC mapping may include only

horizontal rows around the candidate pixels rather than whole pixel blocks, though in
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the example depicted in FIGS. 8 and 9, pixel blocks are identified surrounding and
proximate to pixels identified as having both large intra-frame intensity transitions and
large inter-frame disparity, and accordingly marked as both “LT” and “LD”. The CRC-
mapped pixel blocks found to have both large disparity and large intensity transitions
generally surround or are proximate to edges between foreground character 202 and the
more distant background, including the distinct background objects 204 and 206 as well
as the more distant and more featureless background. Depending on the criteria for
detecting inter-frame disparity, the crosstalk reduction processing may also flag arcas
such as the eyes, nose, and mouth of the close-up character as having above the
threshold inter-frame disparity between the interview image frames, and therefore also
be candidates for crosstalk correction processing, for example, such as with the arcas
around the character’s eyes in FIGS. 10 and 11.
[0052] The crosstalk preprocessing module 110 may therefore provide an extra layer of
quality protection by identifying only those areas that need crosstalk reduction so that
crosstalk reduction can be applied without interfering with bandwidth or the quality of
reference frames. The preprocessing stage also uses fewer hardware cycles by
identifying certain regions that require crosstalk. The system applies crosstalk
correction only on a low percentage of pixels in a frame, so that the process achieves
carly termination for a current pixel. In some examples, the system may apply crosstalk
correction to 10-15% of all pixels in a video content. In other examples, the system
may apply crosstalk correction to a greater or smaller percentage of the pixels in a video
content.
[0053] Once system 100 has applied both the intensity threshold mapping and the
disparity mapping to the image frames as shown in FIGS. 8 and 9, system 100 may
proceed to crosstalk reduction processing, or system 100 may perform additional pre-
processing analysis or steps (e.g., within the scope of pre-processing block 110 as
shown in FIG. 1) before proceeding with crosstalk reduction processing. For example,
pre-processing block 110 of system 100 may simply designate all pixels marked as both
LD and LT for crosstalk reduction processing, or system 100 may perform additional
steps for evaluating both the intensity transition and the disparity for candidate pixels
before designating them for pre-processing. Pre-processing block 110 of system 100
may also perform range mapping of the image frames, as indicated with range mapping
module 118 in FIG. 1, and compare the crosstalk reduction candidate pixels with the

range mapping.



WO 2014/014603 PCT/US2013/046407

16
[0054] This range mapping 118 may be applied to all the pixels in each image frame,
prior to other pre-processing steps, or may be applied after other pre-processing steps
and/or only to some pixels in the image frames. The range mapping may, for example,
involve identifying values of the backlight or level of background black or lower
boundary value of luminance applicable to regions or pixels of an image frame,
compensating for which may contribute to assuring full crosstalk compensation. For
example, luminance and/or chrominance may be valued within a designated digital
range of potential values, with the range delimited by a number “n” of bits assigned to
the range, such as 10 bits, for example, allowing the luminance, chrominance, or other
value for that pixel to have a value bounded by a range of 2'°. However, the total range
may be bounded by boundary values, such as coding for the brightest white and the
darkest black in luminance values, that do not allow for sufficient margin for the best
possible reduction of crosstalk. The boundary values of this n-bit range may also not
take full advantage of the range of values that a device or display mechanism, such as
device 200, is physically capable of reproducing.
[0055] For example, pre-processing block 110 of system 100 may detect a group of
pixels in a temporally matched pair of frames which are marked as both LD and LT for
large disparity and large intensity transition, but these pixels and their surrounding
pixels as a whole also have values that code for a relatively dark area of the image, so
that even though they involve a relatively large intensity threshold, one side of that
intensity threshold is coded for the lower bound of luminance, i.e., for the darkest black
that the pixel intensity protocol is capable of providing. (Other examples may involve
other boundary values such as the upper bound of luminance, for example.) This
boundary value limit may constrain the capability of the system 100 from preventing
crosstalk and ghosting in this group of pixels. In a case such as this, pre-processing
block 110 of system 100 may also introduce a code or additional value for going below
or above the corresponding n-bit (e.g., 10-bit) range S(p), where S is the range of a pixel
p, that is coded as the bounded, complete range in the source code for luminance and/or
chrominance. Pre-processing block 110 may apply range mapping to map 10-bit values
S(p) outside of their boundary values to values in an extended range, ¢.g., from [0,
1023]x[0, 1023]->S(p). Range mapping could be done in a linear or nonlinear fashion.
For example, in an example linear case, the new pixel values for a 10 bit image after

range mapping could be obtained as follows:
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newleftpix = RangeMap + (leftpix * (1024-RangeMap)) >>10;

newrightpix = RangeMap + (rightpix * (1024-RangeMap)) >>10;

where the value “RangeMap” is an adjustable parameter.

[0056] Once pre-processing block 110 of system 100 has evaluated a pair of image
frames and marked one or more pixels as LD and/or LT to identify the pixels as
crosstalk candidates, and potentially performed any other pre-processing steps such as
range mapping, either before or after identifying crosstalk candidate pixels, system 100
may then perform crosstalk reduction, as discussed below.

[0057] System 100 may apply any of various techniques to perform crosstalk reduction
(e.g., with crosstalk reduction processing block 120). In some examples, crosstalk
reduction processing block 120 may use a 2D look-up table (LUT) characterized by
display measurements, which may pose a relatively lower processing burden. In some
examples, crosstalk reduction processing block 120 may apply equations that handle
this function with more precision and require less data storage space. An example of a

17x17 2D look-up table (LUT) is given below:

Input 2 = Right Luma Value

L\R 0 63 1023
Input I="17 Lo Toos | 1 .. |Lown
Left 3 Tovo
Luma
Value

1023 Lio230 U R N O F

[0058] Other examples may use a 33x33 2D LUT or other 2"+1 2D LUT in various
examples. In the example above, the rows correspond to pixel values from left view and
columns correspond to pixel values from the right view. Given an input pair (L, R), this
LUT table indexes an L value to the row and R value to the column of the table and
extracts the new L value which is the crosstalk reduced pixel. In one implementation,
the number of LUTSs could be 6, i.e., one for each view and one per color component,

since crosstalk varies as a function of color component and may not be the same for left
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and right views. In other implementations different color spaces and different number
of LUTs could be used. Additionally, other sized LUTs may be used in addition to 2D
LUTs, such as for multiview processing in an N-view multiview system with more than
two simultanecous or corresponding image frames corresponding to each point in time,
such as image frames for views with different ranges, for different screen sizes, or from
different angles. Multiview processing for more than two simultaneous image frames
may generally be referred to as N-view multiview processing. For N-view multiview
processing, an N-dimensional LUT, or ND-LUT, may be used, with look-up values
specified for each of the N-view multiview sets of image frames.
[0059] Look-up tables may be specific or customized to each of any various display
devices, since each display device can exhibit different crosstalk characteristics.
Customized look-up tables may illustratively be derived by using measurement data
taken by very precise optical measurements. One example of a measurement setup may
involve a display device being placed in front of a luminance measuring device and a set
of 3D glasses being positioned at a distance 3H, i.e., three times the diagonal height of
display device, to the device under dark room conditions. The measurement device may
be pointed to the center of the screen and be controlled via computing device to take
measurements remotely. A media player may be connected to the display device to
display various test images. The test images may illustratively consist of left and right
view images with varying luminance levels. In one example, the number of test images
may be 33x33, including 33 left level and 33 right level combinations. Other examples
may use more or fewer test images. After measurements are taken, the measurements
may be mapped into a look-up table, for example.
[0060] For a look-up table, for an original pixel value pair (L, R) from corresponding
left and right image frames, the end points of corresponding entries in the look-up table
are extracted. For each (L, R) pair, the crosstalk reduction processing block 120 may
extract four values (PO, P1, P2, P3) from the 2D LUT for the left image frame, followed
by interpolating a new pixel value for the left image frame from the four values (PO, P1,
P2, P3) as corner points. Once the crosstalk reduction processing block 120 extracts
corner points (PO, P1, P2, P3), it can obtain the new pixel value for the left image frame

via bilinear interpolation as follows, and as shown at 210 in FIG. 12:

L*=((1-w)xP0+uxP1)x(1-v)+((1-u)xP2+uxP3)xv
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[0061] where u and v may be computed by:

u=(R-P0)/(P1-P0), v=(L-P0)/(P2-P0)

[0062] Other examples may use other types of interpolation techniques such as bicubics
or splines to obtain new values for crosstalk reduction. Similarly, the crosstalk
reduction processing block 120 may extract four points (Q0, Q1, Q2, Q3) from the 2D
LUT for the right image frame, and interpolate a new pixel value for the right image
frame from the four values (QO0, Q1, Q2, Q3) as corner points.

[0063] Crosstalk reduction processing block 120 may also perform crosstalk reduction
processing based on curve fitting mathematical processing. The mechanisms for
crosstalk and ghosting differ for different types of 3D displays and 3D glasses, and
obtaining an accurate crosstalk model mathematically may pose greater processing
requirements than processing based on a look-up table. However, in some examples,
the hardware area required to store the lookup tables can be large. Different
implementations may therefore impose a different balance of constraints between
mathematical processing and a look-up table. For example, a sterecoscopic display may
require six 2D LUTs of a typical size of 33x33. i.¢., a look-up table of 33 rows by 33
columns, where six LUTs are needed to provide for three color components in both left
and right image frames. Other examples may illustratively use look-up tables of 9x9, or
17x17, or 65x65, or some other pair of values of 2"+1 rows by 2"+1 columns, the choice
of which may illustratively involve a targeted trade-off between image quality, and
processing and memory requirements and burdens, within the context of a given display
device.

[0064] In some examples, crosstalk reduction processing block 120 of system 100 may
perform crosstalk reduction processing based on curve fitting mathematical processing,
which may enable modeling the crosstalk measurements with fewer parameters to
replace look-up tables. A set of fitted curves may be modeled to correspond to columns
of the 2D LUT. System 100 may apply a robust fitting algorithm to derive parameters
for the fitted curves. Some of the curves may be represented by a simple line, whereas
other curves may be represented by piecewise functions, sigmoids, or other functions.
[0065] FIG. 13 depicts a curve collection 242 of various examples of fitted curves that
may be used to model crosstalk reduction parameters and applying crosstalk reduction

to the image frames. Each of the curves in graph 242 corresponds to one column of a
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look-up table and may replace a look-up table with fewer parameters, and may be based
on a given value for the luminance, for example. In the example of graph 242 in FIG.
13, each curve represents the luminance variation in a first view when the other view is
fixed at a particular luminance value. For example, when the right view is fixed at 255,
graph 242 shows how the luminance of the left view varies for a particular display type.
If there were no crosstalk, the curves in graph 242 would simply be linear. As
particular examples, graph 242 shows function 252 for the luminance variation in the
first view at a value of 48, function 254 for the luminance variation in the first view at a
value of 96, function 256 for the luminance variation in the first view at a value of 160,
and function 258 for the luminance variation in the first view at a value of 255, as
illustrative examples for how luminance of the left view may be varied in relation to the
luminance of the right view.
[0066] In the example above and other examples, a curve fitting algorithm may generate
a simplified parameter set for each of the fitted curves. Modeling the crosstalk
reduction parameters with relatively simplified parameters representing fitted curve
functions such as lines, piecewise functions, sigmoids, or other functions may enable
accurate crosstalk reduction with relatively restrained requirements for both processing
and data storage. For example, a curve may be fit into ax+b, a/(b+c*exp(-x)) or other
sigmoid functions. In other examples, a curve may be divided into multiple segments,
such as three different segments for center, bottom and top portions, respectively. Each
of three or another number of segments may be fitted into a different type of curve, and
each curve may be represented by a relatively small or compact number of parameters,
such as three or six parameters, for example, instead of keeping all 33 values in a 33x33
LUT example.
[0067] Crosstalk reduction processing may also be complicated by levels of crosstalk
that vary as a function of screen location. One 2D LUT that is populated with crosstalk
correction values measured from the center of the screen may not be adequate enough to
reduce all the crosstalk that is present in different locations of the screen. System 100
may address and counteract this complication with location-based adjustment, as shown
with location-based adjustment processing block 132 in FIG. 1. Location-based
adjustment processing may be further described with reference to FIG. 14.
[0068] FIG. 14 shows an example of image frame 250 divided into an MxN array of
different regions for which different location based adjustment may be performed for

multiview video processing, for which M and N are both integers. This example is
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illustratively shown dividing the image frame 250 into a 4x4 array with regions 62-98.
In this example, therefore, the MxN array is an NxN array where M=N=4. Other
examples may involve dividing an image frame into MxN or NxN arrays using values
of M and/or N of between 2 and 8, or any other MxN or NxN array with any number of
different values of M and N. Still other examples may involve applying differential
regions in non-rectangular forms such as circles, ellipses, or other shapes, for example.
These examples may include defining portions of the image frame in non-rectangular
forms such as circles, ellipses, or other shapes, for example, and applying location-
based adjustment is based at least in part on which of two or more circular, elliptical, or
other non-rectangular portions of the image frame the pixel is in. System 100 may
modify the crosstalk reduction it applies to each of the individual regions 62-98 to
compensate for differential magnitude of crosstalk effects in different regions of the
image. A 4x4 array may be used for a practical display processor implementation, for
example, though the size of the array that system 100 applies may be generalized to any
other size. System 100 may apply location-based adjustment differentially to a left
image frame and a right image frame to compensate for any crosstalk effects that occur
differentially between the two matched image frames.
[0069] In one example, a location-based fractional adjustment factor may be applied in
post-processing to the output of the look-up-table based or equation-based crosstalk
reduction processing. For example, a fractional adjustment factor a can take values
between 0—4 for adjustment of a pixel in the left image frame, and a fractional
adjustment factor B can take values between 0—4 for adjustment of a pixel in the right
image frame. Other values and ranges may be used in other examples. For each region
in the array, the system can apply different adjustment factors, i.c., weights, denoted as
0o, 01, ..., 06 for left view and o, B, ..., Pis for the right view. As one example, region
62 may have a different adjustment factor than region 94. L is the original pixel value
in the left view and L* is the 2D adjusted value generated by the look-up-table based or
equation-based crosstalk reduction processing. Similarly, R is the original pixel value
in the right view and R* is the 2D LUT adjusted value. In one example, system 100

may therefore generate adjusted pixels according to the following equations:

RadjO =R+ BO(R* — R)
Ladjo =L+ (X()(L* — L)
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[0070] This crosstalk reduction system may provide advantages and benefits in terms of
better quality 3D display using fewer hardware processing cycles. Applying one
uniform crosstalk method on all the pixels displayed on a screen may actually introduce
more crosstalk instead of reducing it. By performing two dimensional location based
crosstalk adjustment, this system reduces crosstalk everywhere on the screen with a
correction calibrated to each region of the screen.
[0071] As shown in FIG. 14, in dividing the image frame into the array of regions,
system 100 may apply smaller regions along the bottom of the image frame and larger
regions along the upper area of the image frame. This is because variation in crosstalk
may illustratively become more egregious toward the bottom of the image frame for
certain displays, and the crosstalk adjustment may be larger for pixels closer to the
bottom of the image frame, and the apportionment of regions shown in FIG. 14 applies
greater resolution of crosstalk reduction toward the bottom of the image frame where
the pixel adjustment is greater. Accordingly, the topmost row of regions 62, 64, 66, and
68 are the largest, the mid-upper row of regions 72, 74, 76, and 78 are the next largest,
the mid-lower row of regions 82, 84, 86, and 88 are relatively small, and the lowest row
of regions 92, 94, 96, and 98 are the smallest. It may also be possible to split the frame
into regions where the bottom or lower area has larger regions and the top or upper arca
has smaller for other types of display devices. The splitting may also be done between
left and right (e.g., larger on the right and smaller on the left, or vice versa). This may
for example be due to synchronization issues between glass and display in stereoscopic
displays, a number of timing controllers in the display device, or other display-specific
factors in various examples. In other examples, system 100 may also assign region
sizes in different sizes in a left part of the image frame compared with the regions or
portions in the right part of the image frame. As one example, region 62 may be larger
or smaller than region 68, and region 92 may be larger or smaller than region 98.
[0072] System 100 may also base the crosstalk correction parameter at least in part on a
color of the pixel, and apply differential crosstalk correction parameters to chrominance
or luminance, or to different colors in a color coding model, either for pure colors or for
a color model that codes for chrominance and luminance in superposition. An image
frame may include three or more colors of pixels in a color model, and the crosstalk
correction parameter is different based on which color the pixel is in the color model.
[0073] For example, the image frame may be coded with R pixels, G pixels, and B

pixels in an RGB color model, and the crosstalk correction parameter is different based
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on whether a pixel is an R pixel, a G pixel, or a B pixel. Since each color channel
conveys its own intensity in the RGB color model, crosstalk correction may be applied
to all three RGB color channels. In some options, the crosstalk correction parameter
may be greater for a G pixel than for an R pixel or a B pixel. The human eye may be
more sensitive to crosstalk in G or a human viewer may be more likely to perceive
ghosting due to crosstalk in G, so a higher crosstalk reduction in G may be
advantageous in some implementations. In other examples, the image frame may be
coded with Y' pixels, Cb pixels, and Cr pixels in a Y'CbCr color model or with Y, U,
and V pixels in a YUV color model. In these color models, one channel conveys
luminance (Y’ or Y) and the channels convey chrominance (Cb and Cr or U and V). In
these examples the crosstalk correction may be applied differently based on whether a
pixel is a Y' pixel, a Cb pixel, or a Cr pixel, ora Y, U, or V pixel. In some options, the
crosstalk correction may be greater for a luminance pixel than for a chrominance pixel.
A human viewer may be more sensitive to crosstalk in luminance, so applying higher
crosstalk correction in the luminance channel, or applying crosstalk correction only in
the luminance channel, may be advantageous in some implementations. The crosstalk
correction may also be based at least in part on whether the pixel is in a left image frame
or a right image frame of a corresponding pair of 3D image frames.
[0074] Device 200, or multiview video processing system 100 as shown in FIG. 1, or
other implementation, may apply crosstalk reduction techniques when processing right
view image frame 210 and left view image frame 220, which may be done after
decoding the image frames.
[0075] Device 200 or multiview video processing system 100 may also apply additional
techniques, such as pre-distortion of the displayed image before final display based on
look-up-table based methods, increasing the response time of an LCD display, reducing
the contrast ratio of an image or a display, or increasing backlight dimming time, for
example. Increasing the backlight dimming time may involve increasing the number of
blank lines, such as from 45 to 300, and changing LVDS timing to send
1920x(1080+300) lines instead of 1920x(1080+45) in this example.
[0076] While the techniques above are described in terms of being performed by device
200 after a decoding process and/or as part of an image rendering process, these
techniques may similarly be performed in either an encoding, transmission, storage,
decoding, rendering, or other process, and may be performed by different

implementations and/or implementation levels including devices, apparatuses, methods,
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computer-executable instructions, integrated circuits, sets of integrated circuits (e.g.,
chip sets), implementations of encoders and decoders including those that include both
hardware and software elements, etc.
[0077] FIG. 15 is a block diagram illustrating an example video encoding and decoding
system 10 that may be configured to utilize techniques for multiview video processing
in accordance with examples of this disclosure. As shown in FIG. 15, the system 10
includes a source device 12 that transmits encoded video to a destination device 14 via a
communication channel 16. Encoded video data may also be stored on a storage
medium 34 or a file server 36 and may be accessed by the destination device 14 as
desired. When stored to a storage medium or file server, video encoder 20 may provide
coded video data to another device, such as a network interface, a compact disc (CD),
Blu-ray or digital video disc (DVD) burner or stamping facility device, or other devices,
for storing the coded video data to the storage medium. Likewise, a device separate
from video decoder 30, such as a network interface, CD or DVD reader, or the like, may
retrieve coded video data from a storage medium and provided the retrieved data to
video decoder 30.
[0078] The source device 12 and the destination device 14 may comprise any of a wide
variety of devices, including desktop computers, notebook (i.e., laptop) computers,
tablet computers, set-top boxes, telephone handsets such as so-called smartphones,
televisions, cameras, display devices, digital media players, video gaming consoles, or
the like. In many cases, such devices may be equipped for wireless communication.
Hence, the communication channel 16 may comprise a wireless channel, a wired
channel, or a combination of wireless and wired channels suitable for transmission of
encoded video data. Similarly, the file server 36 may be accessed by the destination
device 14 through any standard data connection, including an Internet connection. This
may include a wireless channel (e.g., a Wi-Fi connection), a wired connection (e.g.,
DSL, cable modem, etc.), or a combination of both that is suitable for accessing
encoded video data stored on a file server.
[0079] Techniques for coding and processing multiview video data, in accordance with
examples of this disclosure, may be applied to video coding in support of any of a
variety of multimedia applications, such as over-the-air television broadcasts, cable
television transmissions, video gaming, satellite television transmissions, streaming
video transmissions, ¢.g., via the Internet, encoding of digital video for storage on a data

storage medium, decoding of digital video stored on a data storage medium, or other
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applications. In some examples, the system 10 may be configured to support one-way
or two-way video transmission to support applications such as video streaming, video
playback, video broadcasting, and/or video telephony.
[0080] In the example of FIG. 15, the source device 12 includes a video source 18, a
video encoder 20, a modulator/demodulator 22 and a transmitter 24. In the source
device 12, the video source 18 may include a source such as a video capture device,
such as a video camera, a video archive containing previously captured video, a video
feed interface to receive video from a video content provider, and/or a computer
graphics system for generating computer graphics data as the source video, or a
combination of such sources. As one example, if the video source 18 is a video camera,
the source device 12 and the destination device 14 may form so-called camera phones or
video phones. In particular, the video source 18 may be any device configured to
produce stercoscopic video data consisting of two or more views (e.g., a left view and a
right view). However, the techniques described in this disclosure may be applicable to
video coding in general, and may be applied to wireless and/or wired applications, or
applications in which encoded video data is stored on a local disk.
[0081] The captured, pre-captured, or computer-generated video may be encoded by the
video encoder 20. The encoded video information may be modulated by the modem 22
according to a communication standard, such as a wireless communication protocol, and
transmitted to the destination device 14 via the transmitter 24. The modem 22 may
include various mixers, filters, amplifiers or other components designed for signal
modulation. The transmitter 24 may include circuits designed for transmitting data,
including amplifiers, filters, and one or more antennas.
[0082] The captured, pre-captured, or computer-generated video that is encoded by the
video encoder 20 may also be stored onto a storage medium 34 or a file server 36 for
later consumption. The storage medium 34 may include Blu-ray discs, DVDs, CD-
ROMs, flash memory, or any other suitable digital storage media for storing encoded
video. The encoded video stored on the storage medium 34 may then be accessed by
the destination device 14 for decoding and playback.
[0083] The file server 36 may be any type of server capable of storing encoded video
and transmitting that encoded video to the destination device 14. Example file servers
include a web server (e.g., for a website), an FTP server, network attached storage
(NAS) devices, a local disk drive, or any other type of device capable of storing

encoded video data and transmitting it to a destination device. The transmission of
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encoded video data from the file server 36 may be a streaming transmission, a download
transmission, or a combination of both. The file server 36 may be accessed by the
destination device 14 through any standard data connection, including an Internet
connection. This may include a wireless channel (e.g., a Wi-Fi connection), a wired
connection (e.g., DSL, cable modem, Ethernet, USB, etc.), or a combination of both that
is suitable for accessing encoded video data stored on a file server.
[0084] The destination device 14, in the example of FIG. 15, includes a receiver 26, a
modem 28, a video decoder 30, and a display device 32. The receiver 26 of the
destination device 14 receives information over the channel 16, and the modem 28
demodulates the information to produce a demodulated bitstream for the video decoder
30. The information communicated over the channel 16 may include a variety of syntax
information generated by the video encoder 20 for use by the video decoder 30 in
decoding video data. Such syntax may also be included with the encoded video data
stored on the storage medium 34 or the file server 36. Each of the video encoder 20 and
the video decoder 30 may form part of a respective encoder-decoder (CODEC) that is
capable of encoding or decoding video data.
[0085] The display device 32 may be integrated with, or external to, the destination
device 14. In some examples, the destination device 14 may include an integrated
display device and also be configured to interface with an external display device. In
other examples, the destination device 14 may be a display device. In general, the
display device 32 displays the decoded and processed video data to a user, and may
comprise any of a variety of display devices such as a liquid crystal display (LCD), a
plasma display, an organic light emitting diode (OLED) display, or another type of
display device. The display device 32 may, for example, be a television, a mobile
computing device such as a smartphone or tablet computer, or other device, and may
include one or more integrated circuits configured with capabilities as described above.
[0086] In one example, the display device 14 may be a stercoscopic display capable of
displaying two or more views to produce a three-dimensional effect. To produce a
three-dimensional effect in video, two views of a scene, e.g., a left eye view and a right
eye view may be shown simultancously or nearly simultaneously. Two pictures of the
same scene, corresponding to the left eye view and the right eye view of the scene, may
be captured from slightly different horizontal positions, representing the horizontal
disparity between a viewer’s left and right eyes. By displaying these two pictures

simultaneously or nearly simultanecously, such that the left eye view picture is perceived
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by the viewer’s left eye and the right eye view picture is perceived by the viewer’s right
eye, the viewer may experience a three-dimensional video effect.
[0087] A user may wear active glasses to rapidly and alternatively shutter left and right
lenses, such that display device 32 may rapidly switch between the left and the right
view in synchronization with the active glasses. Alternatively, display device 32 may
display the two views simultaneously, and the user may wear passive glasses (e.g., with
polarized lenses) which filter the views to cause the proper views to pass through to the
user’s eyes. As still another example, display device 32 may comprise an
autostercoscopic display, for which no glasses are needed.
[0088] In the example of FIG. 15, the communication channel 16 may comprise any
wireless or wired communication medium, such as a radio frequency (RF) spectrum or
one or more physical transmission lines, or any combination of wireless and wired
media. The communication channel 16 may form part of a packet-based network, such
as a local area network, a wide-area network, or a global network such as the Internet.
The communication channel 16 generally represents any suitable communication
medium, or collection of different communication media, for transmitting video data
from the source device 12 to the destination device 14, including any suitable
combination of wired or wireless media. The communication channel 16 may include
routers, switches, base stations, or any other equipment that may be useful to facilitate
communication from the source device 12 to the destination device 14.
[0089] The video encoder 20 and the video decoder 30 may operate according to a
video compression standard, such as the ITU-T H.264 standard, alternatively referred to
as MPEG-4, Part 10, Advanced Video Coding (AVC). The video encoder 20 and the
video decoder 30 may also operate according to the MVC or SVC extensions of
H.264/AVC. Alternatively, the video encoder 20 and the video encoder 30 may operate
according to the High Efficiency Video Coding (HEVC) standard presently under
development, and may conform to the HEVC Test Model (HM). The techniques of this
disclosure, however, are not limited to any particular coding standard. Other examples
include MPEG-2 and ITU-T H.263.
[0090] Although not shown in FIG. 15, in some aspects, the video encoder 20 and the
video decoder 30 may each be integrated with an audio encoder and decoder, and may
include appropriate MUX-DEMUX units, or other hardware and software, to handle

encoding of both audio and video in a common data stream or separate data streams. If
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applicable, in some examples, MUX-DEMUX units may conform to the ITU H.223
multiplexer protocol, or other protocols such as the user datagram protocol (UDP).
[0091] The video encoder 20 and the video decoder 30 each may be implemented as
any of a variety of suitable encoder circuitry, such as one or more microprocessors,
digital signal processors (DSPs), application specific integrated circuits (ASICs), field
programmable gate arrays (FPGAs), discrete logic, software, hardware, firmware or any
combinations thereof. When the techniques are implemented partially in software, a
device may store instructions for the software in a suitable, non-transitory computer-
readable medium and execute the instructions in hardware using one or more processors
to perform the techniques of this disclosure. Each of the video encoder 20 and the video
decoder 30 may be included in one or more encoders or decoders, either of which may
be integrated as part of a combined encoder/decoder (CODEC) in a respective device.
[0092] The video encoder 20 may implement any or all of the techniques of this
disclosure for multiview video coding in a video encoding process. Likewise, the video
decoder 30 may implement any or all of the techniques of this disclosure for multiview
video coding in a video decoding process. A video coder, as described in this
disclosure, may refer to a video encoder or a video decoder. Similarly, a video coding
unit may refer to a video encoder or a video decoder. Likewise, video coding may refer
to video encoding or video decoding.
[0093] In one example of the disclosure, the video encoder 20 of the source device 12
may be configured to perform any part of crosstalk reduction pre-processing including
crosstalk region mapping and range mapping, as well as crosstalk reduction processing
and post-processing, and code a rendering of a pair of image frames based on the
crosstalk reduction pre-processing, processing, and/or post-processing, including
applying crosstalk correction parameters to the pixels.
[0094] In another example of the disclosure, the video decoder 30 of the destination
device 14 may be configured to perform any part of crosstalk reduction pre-processing
including crosstalk region mapping and range mapping, as well as crosstalk reduction
processing and post-processing, and code a rendering of a pair of image frames based on
the crosstalk reduction pre-processing, processing, and/or post-processing, including
applying crosstalk correction parameters to the pixels.
[0095] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,

the software may be written in Java, or in C, C++, C#, Objective-C, Python, Ruby,
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Clojure, or any other language, for example, or may also be compiled into an assembly
language or machine code native to one or more processors of a hardware device, for
example. If implemented in software, the functions may be stored on or transmitted
over, as one or more instructions or code, a computer-readable medium and executed by
a hardware-based processing unit. Computer-readable media may include computer-
readable storage media, which corresponds to a tangible medium such as data storage
media, or communication media including any medium that facilitates transfer of a
computer program from one place to another, ¢.g., according to a communication
protocol. In this manner, computer-readable media generally may correspond to (1)
tangible computer-readable storage media which is non-transitory or (2) a
communication medium such as a signal or carrier wave. Data storage media may be
any available media that can be accessed by one or more computers or one or more
processors to retrieve instructions, code and/or data structures for implementation of the
techniques described in this disclosure. A computer program product may include a
computer-readable medium.
[0096] The terms “non-transitory” and “tangible” may indicate that the storage medium
is not embodied in a carrier wave or a propagated signal. However, the term “non-
transitory” should not be interpreted to mean that one or more storage devices is non-
movable. As one example, with reference to FIG. 15, one or more storage devices may
be removed from source device 12, destination device 14, or file server 36, and moved
to another device. As another example, a storage device may be inserted into source
device 12, destination device 14, or file server 36. A non-transitory storage medium
may store data that can, over time, change (e.g., in RAM). Data storage devices may
also include any of various forms of volatile memory that may require being
periodically electrically refreshed to maintain data in memory, including those that are
electrically refreshed at relatively high rates (such as several times per second), while
those skilled in the art will recognize that this also constitutes an example of a physical,
tangible, non-transitory computer-readable data storage device. Executable instructions
may be stored on a non-transitory medium when program code is loaded, stored,
relayed, buffered, or cached on a non-transitory physical medium or device, including if
only for only a short duration or only in a volatile memory format.
[0097] By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic

disk storage, or other magnetic storage devices, flash memory, or any other medium that
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can be used to store desired program code in the form of instructions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of
medium. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transient
media, but are instead directed to non-transient, tangible storage media. Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.
[0098] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined
codec. Also, the techniques could be fully implemented in one or more circuits or logic
elements.
[0099] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of
ICs (e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a codec hardware
unit or provided by a collection of interoperative hardware units, including one or more
processors as described above, in conjunction with suitable software and/or firmware.
[0100] Various examples have been described. These and other examples are within the

scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method comprising:

identifying a pixel in an image frame that is a candidate for causing crosstalk
between the image frame and a corresponding image frame in a multiview image
System;

for a pixel identified as a candidate for causing crosstalk, applying crosstalk
correction to the pixel; and

applying a location-based adjustment to the pixel, wherein the location-based
adjustment is based at least in part on which of two or more portions of the image frame

the pixel is in.

2. The method of claim 1, wherein the image frame is divided into an array
of portions, and each one of the portions is assigned a different location-based

adjustment factor with which to apply the location-based adjustment to the pixels.

3. The method of claim 2, wherein at least two of the portions of the image

frame are different sizes.

4. The method of claim 2, wherein the portions of the image frame are
divided into an array defined by at least one horizontal division and at least one vertical

division.

5. The method of claim 2, wherein the portions of the image frame are
divided into an MxN array, in which M and N are both integers, and the location-based
adjustment is based at least in part on which of two or more portions of the MxN array

the pixel is in.

6. The method of claim 2, wherein the portions of the image frame are
divided into an NxN array, in which N is an integer, and the location-based adjustment
is based at least in part on which of two or more portions of the NxN array the pixel is

in.

7. The method of claim 6, wherein N is selected from among 2 through 8.
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. The method of claim 7, wherein N is 4.
9. The method of claim 2, further comprising defining circular portions of

the image frame, and applying location-based adjustment based at least in part on which

of two or more of the circular portions of the image frame the pixel is in.

10.  The method of claim 2, further comprising defining elliptical portions of
the image frame, and applying location-based adjustment based at least in part on which

of two or more of the elliptical portions of the image frame the pixel is in.

11. The method of claim 2, wherein the array comprises portions in a lower
part of the image frame and portions in an upper part of the image frame, and the
portions in the lower part of the image frame are smaller than the portions in the upper

part of the image frame.

12. The method of claim 2, wherein the array comprises portions in a left
part of the image frame and portions in a right part of the image frame, and the portions
in the left part of the image frame are a different size than the portions in the right part

of the image frame.

13.  The method of claim 2, wherein the location-based adjustment is based at
least in part on whether the pixel is in a left image frame or a right image frame of a

corresponding pair of 3D image frames.
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14. A computer-readable medium storing instructions for a causing a
processor to:

identify a pixel in an image frame that is a candidate for causing crosstalk
between the image frame and a corresponding image frame in a multiview image
system; and

for a pixel identified as a candidate for causing crosstalk, apply crosstalk
correction to the pixel; and

apply a location-based adjustment to the pixel, wherein the location-based
adjustment is based at least in part on which of two or more portions of the image frame

the pixel is in.

15.  The computer-readable medium of claim 14, wherein the image frame is
divided into an array of portions, and each one of the portions is assigned a different
location-based adjustment factor with which to apply the location-based adjustment to

the pixels.

16. The computer-readable medium of claim 15, wherein at least two of the

portions of the image frame are different sizes.

17.  The computer-readable medium of claim 15, wherein the portions of the
image frame are divided into an array defined by at least one horizontal division and at

least one vertical division.

18.  The computer-readable medium of claim 15, wherein the portions of the
image frame are divided into an MxN array, in which M and N are both integers, and
the location-based adjustment is based at least in part on which of two or more portions

of the MxN array the pixel is in.

19.  The computer-readable medium of claim 15, wherein the portions of the
image frame are divided into an NxN array, in which N is an integer, and the location-
based adjustment is based at least in part on which of two or more portions of the NxN

array the pixel is in.
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20.  The computer-readable medium of claim 19, wherein N is selected from
among 2 through 8.
21.  The computer-readable medium of claim 20, wherein N is 4.
22.  The computer-readable medium of claim 15, further comprising

executable instructions for a causing a processor to define circular portions of the image
frame, and apply location-based adjustment based at least in part on which of two or

more of the circular portions of the image frame the pixel is in.

23.  The computer-readable medium of claim 15, further comprising
executable instructions for a causing a processor to define elliptical portions of the
image frame, and apply location-based adjustment based at least in part on which of two

or more of the elliptical portions of the image frame the pixel is in.

24. The computer-readable medium of claim 15, wherein the array comprises
portions in a lower part of the image frame and portions in an upper part of the image
frame, and the portions in the lower part of the image frame are smaller than the

portions in the upper part of the image frame.

25.  The computer-readable medium of claim 15, wherein the array comprises
portions in a left part of the image frame and portions in a right part of the image frame,
and the portions in the left part of the image frame are a different size than the portions

in the right part of the image frame.

26. The computer-readable medium of claim 15, wherein the location-based
adjustment is based at least in part on whether the pixel is in a left image frame or a

right image frame of a corresponding pair of 3D image frames.
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27.  An apparatus comprising:

means for identifying a pixel in an image frame that is a candidate for causing
crosstalk between the image frame and a corresponding image frame in a multiview
image system;

for a pixel identified as a candidate for causing crosstalk, means for applying
crosstalk correction to the pixel; and

means for applying a location-based adjustment to the pixel, wherein the
location-based adjustment is based at least in part on which of two or more portions of

the image frame the pixel is in.

28. The apparatus of claim 27, wherein the image frame is divided into an
array of portions, and each one of the portions is assigned a different location-based

adjustment factor with which to apply the location-based adjustment to the pixels.

29.  The apparatus of claim 27, wherein at least two of the portions of the

image frame are different sizes.

30.  The apparatus of claim 27, wherein the portions of the image frame are
divided into an array defined by at least one horizontal division and at least one vertical

division.

31.  The apparatus of claim 27, wherein the portions of the image frame are
divided into an MxN array, in which M and N are both integers, and the location-based
adjustment is based at least in part on which of two or more portions of the MxN array

the pixel is in.

32.  The apparatus of claim 27, wherein the portions of the image frame are
divided into an NxN array, in which N is an integer, and the location-based adjustment
is based at least in part on which of two or more portions of the NxN array the pixel is

in.

33.  The apparatus of claim 32, wherein N is selected from among 2 through
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34.  The apparatus of claim 33, wherein N is 4.

35.  The apparatus of claim 27, further comprising defining circular portions
of the image frame, and applying location-based adjustment based at least in part on

which of two or more of the circular portions of the image frame the pixel is in.

36.  The apparatus of claim 27, further comprising defining elliptical portions
of the image frame, and applying location-based adjustment based at least in part on

which of two or more of the elliptical portions of the image frame the pixel is in.

37.  The apparatus of claim 36, wherein the array comprises portions in a
lower part of the image frame and portions in an upper part of the image frame, and the
portions in the lower part of the image frame are smaller than the portions in the upper

part of the image frame.

38.  The apparatus of claim 27, wherein the array comprises portions in a left
part of the image frame and portions in a right part of the image frame, and the portions
in the left part of the image frame are a different size than the portions in the right part

of the image frame.
39. The apparatus of claim 27, wherein the location-based adjustment is
based at least in part on whether the pixel is in a left image frame or a right image frame

of a corresponding pair of 3D image frames.

40.  The apparatus of claim 27, wherein the apparatus comprises an integrated

circuit.

41.  The apparatus of claim 27, wherein the apparatus comprises a mobile

computing device.

42.  The apparatus of claim 27, wherein the apparatus comprises a television.
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