wo 2014/052602 A1 |[IN I N0F0 0O 0 0O

(43) International Publication Date

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

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

=

\

3 April 2014 (03.04.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/052602 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
HO4N 19/117 (2014.01) HO4N 19/14 (2014.01)

International Application Number:
PCT/US2013/061936

International Filing Date:
26 September 2013 (26.09.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/707,477 28 September 2012 (28.09.2012) US

Applicant: VID SCALE, INC. [US/US]; 200 Bellevue
Parkway, Suite 300, Wilmington, DE 19809 (US).

Inventors: DONG, Jie; 7785 Goldfish Way, San Diego,
CA 92129 (US). YE, Yan; 5001 Pearlman Way, San
Diego, CA 92130 (US). HE, Yuwen; 13542 Silver Vine
Path, San Diego, CA 92130 (US).

Agents: ROCCIA, Vincent, J. et al.; Condo Roccia LLP,
One Liberty Place, Suite 2200, 1650 Market Street, Phil-
adelphia, PA 19103 (US).

Designated States (unless 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,

(84)

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, SA,
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).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: METHOD AND APPARATUS OF EDGE GUIDED PROCESSING FOR VIDEO CODING

Original video

(57) Abstract: Methods and apparatus may be used to provide edge guided

Reconstructed video

processing that may be used for video coding. For example, the methods and

apparatus may be provided to process regions rich in texture and/or edges in

Edge detection
802

,,,,,,,,,,,,,,,,,,,, I —

Edge refinement & &
504 o3
@85

o g o o e
Send edge refinement
parameters
612

Edge classification
606

,,,,,,,,,,,,,,,,,,,, e —

Filter training for each
class
808
| Send filler parameters
for each class
&14

Apply trained filters on
edge pixels
810

Improved video

FIG. 5
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tion accuracy when these regions may be used as reference. The methods and
apparatus may be applicable to various types of prediction used in video
coding, including spatial, temporal, and inter-layer prediction.
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METHOD AND APPARATUS OF EDGE GUIDED PROCESSING FOR VIBEQO
CODING

CROSS REFERERCE TO RELATED APPLICATHONS
{0001} This application clairos the benetit of U.S. Provisional Patent Application
61/707,477, entitled “Method and Apparatus of Edge Guided Processing of Video Coding,”

which was filed on Septemaber 28, 2012 and is hercby incorporated by reference herein.

BACKGROUND

{0002} With the growth of smart phounes and tablets both in resolution and computation
capability, there has been an increase in video apphications, such as video chat, mobile video
recording and sharing, and video streaming. To improve the guality of experience while using
the video applications, video coding systems have been used to compress digital video signals.
Compressing the digital video signals reduces the storage need and/or transmission bandwidih of
such signals. However, when compressing digital video signals, images within the videos that

are rich n textore and/or edges may suffer from a loss of detail due to the compression process.

SUMBMARY OF THE INVENTION

[G003] Drisclosed herein are methods and apparatus for edge guided processing that may
be used for video coding. Methods and apparatus herein may be provided o process regions ina
video or a reconstructed video that may be rich in texture and/or edges. A pixel that may be part
of a texture may be an edge pixel. This may be done, for example, to improve the prediction
accuracy when these regions may be used as a reference. Regions rich in texture and/or edges
may suffer from a loss of detail due to a quantization process, which may remove and/or reduce
high frequency information. When these regions may be used as reforence 1o spatial, temporal,
or inter layer prediction, the resulting prediction residual may have higher energy, and may be
more difficolt to compress. The methods and apparatus disclosed berein may recover high

frequency information that may be lost during quantization, meay recover high frequency
-1-
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nformation in regions where such information loss may be likely to have occurred during
quantization, and may keep computational complexity of edge guided processing low. The
methods and apparatos disclosed herein may be applicable to various types of prediction used in
video coding, such as spatial, teruporal, and inter-layer prediction, or the like.

[0004] Methods and apparatos may be provided for edge guided processing that may be
used for video coding. The apparatus may include a processor that may be configured to
perforen a nursber of actions. A pixel may be detected that may be part of an edge or a texture
that may be within an arca of an image. An edge may be a texture. The pixel may be classified
in an edge pixel class using a characteristic of the pixel. A filter for the edge pixel class may be
determined using the characteristic of the pixel. This may be done, for example, to prevent a loss
of detail in the arca of the image during video coding. The filter may be applied on the pixel.
[0005] The Summary 1s provided to introduce a selection of concepts in a simplified
form that are further deseribed below in the Detailed Description. This Summary is not intended
to identify key features or essential featores of the claimed subject matter, not is it intended to be
used to limit the scope of the claimed subject matter. Furthermore, the claimed subject matter is
not fimited fo any Hmitations that solve any or all disadvantages neted in any part of this

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[G006] A more detailed understanding may be had from the following description, given

by way of example in conjunction with the accompanying drawings.

[0007] FIG. 1 is a diagram illostrating an example of a block-based hybrid video
encoder.

[0008] FIG. 2 is a dingram illostrating an exampic of a block-based video decoder.
[0009] FIG. 3 is a diagram illustrating an example of a scalable video encoder.

[0010] FIG. 4 is a diagram illustrating an exampic of a Z-layer scalable video decoder.
(0011} FIG. 5 is a diagram illostrating an example of edge guided processing that may

occur at an encoder.
[0012] FIG. 6 is a diagram illostrating an example of an edge classification that may be

based on edge directions.

[0013] FIG. 7 is a diagram illustrating an exampie of a 1-d filter.
{0014} FIG. 8 is a diagram illustrating an example of edge guided processing that may

occut at a decoder.
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{0015] FIG. 9 is a diagram illostrating an example of an error map between a picture and
an upsampled picture.

{0016] FIG. 10A is a system disgram of an exanple communications system in which
one or more disclosed embodiments may be implemented.

{0017} FIG. 10B is a system diagram of an example wircless transmit/receive unit
{WTRU) that may be used within the communications system illastrated in FIG. 10A.

{001 8] FIG. 10C is a system diagram of an example radio aceess network and an
example core network that may be used within the communications system llustrated in FIG.
10A.

[0019] FIG. 10D is a systom diagram of another example radio access network and
another example core network that may be used within the communications system illustrated in
FIG. 10A.

{0020} FIG. 10F is a system diagram of another example radio access network and
another example core network that may be used within the communications systern itlustrated 1o

FI1G. 10A.

DBETAILED DESCRIPTION

0021} A detailed description of illustrative embodiments will now be deseribed with
reference to the various Figures. Although this description provides a detailed example of
possible implementations, it should be noted that the details arc intended to be exemplary and in
no way hmit the scope of the application.

{0022} Disclosed herein are raethods and apparatus for edge guided processing that may
be used for video coding. Methods and apparatus herein may process regions in video, such as a
reconstructed video, that may be rich in texture and/or edges. A pixel that may be part of a
texture may be an edge pixel. This may be done, for example, to improve the prediction
accuracy when these regions roay be used as reference,

[0023] As disclosed herein, edge guided processing may be applied to regions of a
reconstructed video. For exanple, regions rich in texture and/or edges may suffer from loss of
detail due to a quantization process, which may remove and/or reduce high frequency
information. When these regions may be used as reference in a prediction, such as a spatial,
temporal, or inter fayer prediction, the resulting prediction residual may have higher energy and
may be more difficult to compress.

[0024] Methods and apparatus disclosed herein may recover high frequency information
that may be lost during quantization, may recover high frequency information in regions where

3.
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such information loss may be likely to have occurred during quantization, and meay keep
computational complexity of edge guided processing low. Methods and apparatas disclosed
herein may be applicable to various types of prediction used i video coding, such as spatial,
temporal, inter-layer prediction, or the like. The methods and apparatus disclosed herein may be
applicable for single layer video coding where spatial and teraporal prediction may be apphied,
scalable video coding where inter-layer prediction may be applied using a reconstracted video
signal from one or more lower layers, or the like.

{0025} A method and an apparatus may be used for edge guided processing for video
encoding. The apparatus may nclade a processor that may be configured to perform a number
of actions. An edge pixel may be detected within an tmage. The edge pixel may be refined. The
edge pixel may be classified in an edge pixel clags. A filter for the edge pixel class may be
trained using a video, which may be an original video. The trained filter may be applied to the
edge pixel.

10026] A method and an apparatus may be used for edge guided processing for video
encoding. The apparatus may inchide a processor that may be configured to perform a number
of actions. An edge pixel may be detocted within an image. The edge pixel may be refined. The
edge pixel may be classified in an edge pixel class. A filter for the edge pixel class may be
received. The trained filter may be apphied to the edge pixel.

{0027} A method or an apparatus may be used to refine an edge pixel and train a filter,
The apparatus may include a processor that may be configured to perform a number of actions.
An edge pixel may be refined based on the value of an edge gradient, for example, by discarding
the edge pixel when Us gradient value is less than a threshold. A density of edges may be
determined within an area. The density of edges may be discarded when the density of edges
may be lower than a density threshold. A filter may be tratned.

10028} A method or an apparatus may be used to classify an edge pixel and train a filter.,
The apparatos may include a processor that may be configured to perform a number of actions.
An edge pixel may be classified into one or more categorics according to an odge divection and a
characteristic of the edge pixel. The characternistic of the edge pixel may be a sccond derivative
n anormal direction of the edge pixel. A filter for a category of the one or more categories may
be trained. The category of the one or more categorizes may be a combined classification
category. A mapping may be generating betwoen the filter and the combined classification
category. The mapping may be transmitted.

[0029] Methods and apparatus may be provided for edge guided processing that may be

used for video coding. The apparatus may include a processor that may be configured to

4.
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perform a number of actions. A pixel may be detected that may be part of an edge or a texture
that may be within an area of an image. The pixel may be classified in an edge pixel class using
a characteristic of the pixel. A filter {or the edge pixel class may be determined using the
characteristic of the pixel. This may be done, for example, o prevent a loss of detail in the arca
of the image during video coding. The filter may be applied on the pixel.

[0030] Mecthods and apparatus may be provided for edge guided processing that may be
used for video coding. The apparatus may include a processor that may be configured to
perform a number of actions. A pixel may be detected that may be part of an edge or a textare
that may be within an area of an image. An edge strength may be determined in an edge
direction for the pixel. It may be determined that the pixcl belongs to an edge when the edge
strength for the pixel is above a threshold.

[0031] The pixel may be classified in an edge pixel class using a characteristic of the
pixel. For example, an edge direction may be determined for the pixel. A normal value may be
determined for the pixel. The normal valoe may indicate the valae of a second order derivative
that may be perpendicular to the edge direction. The pixel may be classified in an edge pixel
class using the normal value and the edge divection. As another example, a gradient value G,
mndicating an edge strength m a first edge divection for the pixel may be determined. A gradient
value Gy indicating an edge strength in a second edge divection for the pixel may be determined.

An edge direction may be determined where the edge direction may be equal to tan ™ {=>{. As

another example, a second order derivative for the pixel may be determined using sd = 8 + —,
where sd is the second order derivative. An edge direction may be determined. The pixel may
be classified in the edge pixel class using the second order devivative and the edge direction.
[0032] A filter for the edge pixel class may be determined using the characteristic of the
pixel. This may be doue, for example, to prevent a loss of detatl in the area of the image during
video coding. A parameter may be determined for the fiker. For example, a parameter may be
determined that may optimize the filier for the edge pixel class. As another example, a
parameter for the filter may be determined by performing a regression analysis to mininize
creating an error in an area of the image when the filter 1s applied on a pixel. As another
example, a parameter may be determined for the fiker by gencrating a second image using the
filter, comparing the second image to the image, determining an error for the pixel class, and
determining a parameter for the filter that mininizes the error for the pixel class. As another
example, a parameter may be determined for the filter to enhance high frequency mformation
that may be lost doring video coding. The parameter may be sent to 3 decoder. The filter may

be applied on the pixel.



WO 2014/052602 PCT/US2013/061936

{0033] Due to the increased demand for smart phones and tablet, video applications, such
as video chat, mobile video recording and sharing, video streaming, or the like may use video
transmission in 8 heterogencous environment. These scenarios may be referred to as a 3-screen
scenario or an N-screen scenario. A 3-sereen scenario or an N-screen scenario may consider a
munber of consumer deviees such as a persenal computer, a smart phone, a table, a television, or
the like. In an N-screen scenario, video consumption on devices with widely varying capabilitics
m terms of coraputing power, memory/storage size, display resolution, display frame rate, or the
like may be accommodated. Network and transmission chammels that may be used in an N-
screen scenario may have widely varying characteristics in terms of packet loss rate, available
channel bandwidth, burst error rate, or the like and may be accommodated.

{0034} Video data may be transmitted over a combination of wired networks and wireless
networks. Scalable video coding may tmprove the quality of experience for video applications
runoing on devices with different capabilities over a heterogeneous network. Scalable video
coding may encode the signal at a high representation such as a temporal resolution, spatial
resolotion, quality, or the like. Although the scalabie video coding may be encoded at a high
representation, the scalable video coding may be decode from a subset of the video stream that
may depend on a rate and representation used by an application running on a device. For
example, a video may be encoded at a high representation, but an application runming on a smart
for may decode the video at a low representation. This may be done, for example, save
bandwidth and storage. Scalable video coding may be used with MPEG-2 Video, H.263,
MPEG4 Visual, H.264, HEVC, or the hike.

[0035] Video coding systems may be used to conpross digital video signals to reduce the
storage and/or transmission bandwidth of such signals. There may be various types of video
coding systems, such as block-based, wavelet-based, object-based systems, block-based hybrid
video coding systerns, or the Hike. Exaroples of block-based video coding systemas may include
mnternational video coding standards such as the MPEG/2/4 part 2, H.264/MPEG-4 part 10
AVC and VC-1 standards.

[0036] FIG. 1 is a diagram lostrating an example of a block-based bybrid video
encoder. Input video signal 302 may be processed block by block. A video block unit for input
video signal 302 may be 16x16 pixels. A video block unit may be referred to as a8 macroblock or
MB. In High Efficiency Video Coding {HEVC), extended block sizes may be used to compress
high resolution video signals, such as video signal that may be 1080p or larger. The extended
block sizes may be referred to as a coding unit or CU. In HEVC, a CU may be up to 64x64

pixeis. A CU may be partitioned into prediction vaits (PU) and a prediction implementation may
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be applied for a prediction unit. For example, for an input video block {c.g., MB or CU}, spatial
prediction 360 and/or temporal prediction 362 may be performed.

(0037} At spatial prediction 360, a video block may be predicted from coded neighboring
blocks in the same video pictare/slice. Spatial prediction may be referred to as intra-prediction.
Spatial prediction may reduce spatial redundancy that may be inherent in the video signal. At
temporal prediction 362, pixels from already coded video pictures may be used to predict a video
block. Temporal prediction may be referred to as inter-prediction or motion compensated
prediction. Temporal prediction may reduce temporal redondancy inherent in the video signal.
A temporal prediction signal for a video block may inchide one or more motion vectors. A
teraporal prediction signal for a video block may include one or more reference picture indexes if
rouitiple reference pictures may be used. A motion vector and/or a reference picture index may
be used to wdentify reference pictures in reference picture store 364,

[0038] After spatial and/or temporal prediction, mode decision 380 may choose a
prediction mode, for example, based on a rate-distortion optimization implementation. At 316,
the prediction block may be subiracted from the video block., The prediction residual may be
transformed at transform 304 and may be quantized at guandization 306. The quantized residual
cocthicients may be nverse guantized at inverse quantization 310 and may be inverse
transformed at inverse transform 312, This may be done, for example, to form a reconstructed
residual that may be added to the prediction block at 326 to form a reconstructed video block.
Filtering, such as deblocking filter, adaptive loop filtering, or the like may be applied onthe
reconstructed video block at loop filter 366, This may be done, for example, betfore the
reconstructed block may be stored in reference picture store 364 and may be used to code future
video blocks, To form bitstream 320, which may be a output video bitstream, a coding mode
{inter or infra), prediction mode information, motion mformation, and/or guantized residual
coefficients may be sent to the entropy coding unit 308 and may be compressed and packed by
cutropy coding unit 308 to form bitsirecam 320.

{0039] As shown in FIG. 1, during encoding, prediction residual of the base layer blocks
may be transformed at 304 and may be quantized at 306, Quantization may incur information
loss. Such foformation loss may result in a loss of details in the reconstrucied video n areas that
may be rich in edges and/or textures. This may occur when the quantization parameter (QF) may
be set high. For example, the level of quantization may be set high. When sach a reconstracted
video may be used as reforence to predict future video signal, the resolting prediction residual
mode, which may be the output of sunimer 316, may have high energy and may becone more

difficult to compress. To improve prediction accuracy for these areas that may be susceptiblc to

=
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foformation loss duc to quantization, additional processing of the reconstructed video around the
cdge/texture rich areas may be performed.

(0040} Edge guided processing may be applied to an area of a reconstructed video. This
may be done, for example, to improve prediction quality when the reconstructed video may be
used as reference to prediet future video signal. As deseribed herein, edge guided processing
techniques may be used for single layer video coding where spatial and temporal prediction myay
be applied, and may be used for scalable video coding where inter layer prediction may be
apphied using reconstructed video signal from one or more lower layvers.

{0041} FIG. 2 ig a diagram illustrating an example of a block-based video decoder. The
block-based video decoder of FIG. 2 may correspond to the block-based encoder of FIG. 1.
Bitstream 202, which may be a video bitstream, may be unpacked and may be entropy decoded
at entropy decoding 208, Coding mode and prediction information may be sent to the spatial
prediction 260 {e.g., if intra coded) or temporal prediction 262 {e.g., if inter coded) to form a
prediction block. Residual transform coefficients may be sent to inverse quantization 210 and
inverse transform 212 to reconstruct a residual block. The prediction block and the yesidual
block may be added together at 226 to form a reconstructed block. The reconstructed block may
go through in-loop filtering, which may occur at loop filter 266, before it may be stored in
reference picture store 264, Reconstrocted video 220 in the reference picture store may be sent
to drive a display device and/or used to predict future video blocks.

[0042] FIG. 3 is a diagram illostrating an example of a scalable video encoder. In FIG. 3,
a two-layer scalable coding system with a base layer and an enhancement layer may be
ithustrated. The spatial resolutions between the two layers may be different. For example, spatial
scalability may be applied. An enhancement laver video input may be downsampled at
downsample 400 to create a base layer video input.

(0043 Base layer encoder 412 may encode & base layer video input block by block and
may generate a base layer bitstream. Base layer encoder 402 may create a base layer bitstream
that may be sont to MUX 408, Base layer eocoder 412 may be an HEVC encoder. Basc layer
encoder 412 may be the encoder described with respect to FIG. 1,

[0044] Referring again to FIG. 3, enhancement layer encoder 402 may encode the
enhancement layer video tnput block by block and generate an cuhancoment layer bitstream.
Enhancement layer encoder 402 may create an enhancement layer bitstrearm that may be sent to
MUX 408. Enhancement layer encoder 401 may be an HEVC encoder. Enhancement layer

encoder 402 may be the encoder described with respect to FIG. 1.
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{0045] Referring again to FIG. 3, to improve the coding efficiency of the scalable system,
when the enhancement layer video may be encoded at enhancement layer encoder 402, signal
correlation from the basc layer reconstructed video may be used to improve its prediction
accuracy. For example, as shown 1n FIG. 3, base layer reconstructed video may be processed at
inter-layer prediction processing 4036, One or more of the processed base layer pictures may be
inserted into enhancement layer Decoded Picture Buffer (DPB) 404 and may be used to predict
the enhancement layer video input. The base layer and the enbancement layer videos may be the
same video source represented 1n different spatial resolutions, They may correspond to via the
downsampling process that may occur at downsample 400.

{0046] Inter-layer prediction (JLP) processing may be carried out by inter-layer
processing and management 406, For example, an upsamphing operation may be used to align
the spatial resolution of the base layer reconstruction with that of the enhancement layer video.
H.P processing and management may receive base layer pictures from BL DPB 410, base layer
video information from base layer encoder 412, and/or ephancement layer video mformation
from enhancement layer encoder 402, 1L.P processing and management 406 may produce 2 base
layer bitstream, an enhancoment layer bitstream produced by the base and cohancement layer
encoders.

(0047} Inter-layer prediction information may be produced by 1LP processing and
management 406, For example, the ILP information may mclade the type of inter-layer
processing that may be applied, the parameters that may be used in the processing, the
upsampling filters that may be used, one or more processed basc layer pictures that may be
foserted info enhancement layer DPB 404, or the like. MUX 402 may multiplex the base layer
bitstream, the enhancement layer bitstream, and the ILP information together to form a bitstream,
The bitstream may be S-HEVC.

10048} During encoding, prediction residual of the basc layer blocks may be transformed
and may be quantized. Quantization may incur information loss. Such information loss may
result in a loss of details in the reconstructed video in areas that may be rich in edges and/or
textures. This may occur when the quastization parameter {QP) may be set bigh (i.e. the level of
quantization may be set high). When such a reconstructed video may be used as reference to
predict future video signal, the resulting prediction residual mode may have high energy and may
become more difficult to compress. To improve prediction accuracy for these arcas that may be
susceptible to information loss due to quantization, additional processing of the reconstructed

video around the edge/texture rich areas may be performed.
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{0049] Processing a reconstructed video signal in edge and texture rich arcas may also be
used to improve coding efficiency of a scalable video coding system. In FIG. 3, the base layer
and the enhancement layer videos may be the same video source and may be represented in
different spatial resolutions; for example, they may comrespond via the downsampling process.
ILP processing may be carried out by the inter-layer processing and management unit in FIG. 3,
which may perform the upsampling operation that may be used to align the spatial resolution of
the base layer reconstruction with that of the enhancement laver video. Upsampling filters may
have low pass filter characteristics, and may introduce further blurring to the upsampled base
layer pictures (this bhurring may be in addition to the loss of detail that may be introdoced due to
guantization during coding of basc ayer video). Improving the signal quality around edge rich
areas in the inter-layer reference picturcs may tmprove inter layer prediction in a scalable video
coding system.

[0050] Edge guided processing may be applied to an area of a reconstructed video. This
may be done, for example, to improve prediction quality when the reconstructed video may be
uscd as reference to predict future video signal. As described herein, edge guided processing
techniques may be used for single layer video coding where spatial and teraporal prediction may
be applied, and may be used for scalable video coding where inter layer prediction may be
applied using reconstructed video signal from one or more lower layers.

{0051} FIG. 4 1s a diagram dlustrating an example of a 2-layer scalable video decoder.
The 2-layer scalable video decoder of FIG. 4 may correspond to the scalable encoder in FIG. 3.
The decoder may perform operations that may be in reverse of the encoder. DEMUX 502 may
de-multipiex a scalable bitstrean into a base laver bitstroam, an enhancement layer bitstream,
and 1L.P mformation. Base layer decoder 506 may decode the base layer bitstream. Base layer
decoder 506 may produce a base layer reconstruction.

10052] Enhancement layer decoder 504 may decode the enhancement layer bitstream, for
example, with a combination of temporal reference pictures and inter-lIayer reference pictares
{e.g., the processed base layer pictures) to reconstruct an enhancement layer video. As used
herein, the termos “inter layer veference picture” and “processed base layor pictures” may be used
mterchangeably.

[0053] 1LP processing and management 508 may receive the ILP information. [LP
processing and management 508 may process the base layer reconstruction. This may be done,
for exarmple, in accordance with received ILP mformation. ILP processing and management

308may selectively insert one or more of the processed base fayer pictures from base layer DPR
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foto enhancerend fayer DPB 512, This may be doue, for example, in accordance with the
received [LP mformation.

(0054} Edge guided processing may be applied to an area of a reconstructed video. This
may be done, for example, to improve prediction quality when the reconstructed video may be
used as reference to prediet future video signal. As deseribed herein, edge guided processing
techniques may be used for single layer video coding where spatial and temporal prediction myay
be applied, and may be used for scalable video coding where inter layer prediction may be
apphied using reconstructed video signal from one or more lower layvers.

[0055] FIG. 5 1s a diagram dlustrating edge guided processing that may occur at an
encoder. As shown in FIG. § at 602, edge detection may be performed. A reconstructed video
may be received. Edge detection may be applied to the reconstructed video to detect the
locations of the pixels that may represent an edge and/or a textured area. This may be done, for
example, to recover a loss of high frequency information in a video reconstruction. An edge
detection algorithm, such as the Canny edge detection algorithm, or the bike, may be used. The
cdge detection algorithm may output an edge map, such as a binary map, that may indicate which
pixeis may be edge pixels. For an edge pixel pel, an edge detection algorithm may output a pair

of gradient values G(pel) and (G {pel} that may indicate the edge strengths in both directions, and

1 Gy{pel . g . .
may cutput an angle 8{pel) = tan™?| ?%E%:i% [that roay indicate the divection of the edge.
. \ €
[0066] At 604, edge refinement may be performed. Edge refinement may refine a group

of edge pixels. Edge refincment may be used to control the number of edge pixels that may be
processed, which may correspond to computational complexity. An edge pixel may be refined
based on the value of an edge gradient. For example, an edge pixel may be discarded when it is
less than a threshold.
{0057} Gradient values, such as gradient values Gu(pel) and G (pel), may be used to
remove the weak edges. This may be done, for example, by comparing the gradient values
against 2 threshold. For example, the pixel pef may be removed from a group of edge pixels
when the following condition may be true:

Gx{pel}| + |Gy{pel}| < threshold (H
[00B8] Parameters that may be used for edge refinement may be sent to a decoder. For
exarple, gradient values such as G.(pel} and Gpel}, a threshold, or the like may be sent to 2
decoder. This may be done, for example, to allow the decoder to refine edge pixels during
decoding. At 612, the parameters that may be used for edge refinement may be sent to a decoder

by encoding the parameters in a bitstream, such as a video bitstream.
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{0059] At 606, edge classification may be performed. Classification may be applied to
edge pixels, such as edge pixels that may be cutput by edge refinement. Different classification
methods may be applied to pictures/areas of with different characteristics. Classification may be
applied to divide edge pixels into subsets of edge pixels that may share similay characteristics.
[0060] Edge classification may classify edge pixels with similar edge directions. For
cxample, an edge pixel may be classified with other edge pixels that have similar values of
8{pely, where 8 is a direction angle of an edge that the pixel pel, may belong to.

[0061] FIG. 6 is a diagram illostrating edge classification that may be based on edge
directions. The eight directions shown in FI1G. 6 may be used to classify the edges tato eight
direction groups. For example, an edge may be classified in edge classification 620, 625, 63(,
6385, 6448, 645, 650, or 655, To classify the edge, the edge may be compared to the edge
classifications and the edge classification that more closcly matched the edge may be selected.
For example, an edge that may closcly match edge classification 625 may be classitied in edge
classification 625.

[0062] Reforring again to FIG. 3, an edge pixel may be grouped or classified with edge
pixels that may have similar second order derivatives along a normal direction, such as
perpendicular to edge divection. For example, a second order derivative along a normal
direction, such as (8{pel} + n/2), may be calculated for an edge pixel. I the edge pixel has a
negative second order derivative, then the pixel may be classified into a first group. This may
occur, for example, when 2 pixel indensity value may increase and then decrease o the normal
direction. If the edge has positive second order derivative, then the edge pixel may be classified
into a second group. This may occur, for example, when a pixel intensity value may decrease
and then increase along the normal direction.

{0063} Edge classification may use a number of edge classification methods in
combination. For cxample, edge direction and a second order derivative in the normal direction
may be comabined to classify edge pixels into a number of groups, such as 16 groups. This may
allow edge pixels to be grooped with other edge pixels that may share the same characteristics.
Pixels that may be grouped together may be processed in a similar manner.

{0064] At 608, a filter may be trained for an edge pixel class. A bitstream, which may be
the original video bitstream may be received. A filter may be determined for an edge class. A
filter may be applicd to an edge class to generate output that may be compared to the original
video bitstream. In comparing the output to the original video bit stream, a margin of error may
be determined and parameters for the filter may be determined to minimize the margin of error.

The parameters may optimize the filter so redoce errors. The filter parameters may be sent to a
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decoder. For example, the filter parameters may be encoded in a bitstream, such as a video
bitstream, that may be sent to the decoder.
[0065] A filter may be determined for an edge class by determining a filter type that may
best match the characteristics of the edge class. For example, it may be determined than edge
class may have a loss of details. A lincar filter may be selected and may be applied on the edge
pixeis of the edge class to enhance lost details.
{0066} To train the filter coefficients or parameters of a filter, such as a linear filter, an
crror analysis may be performed. For example, the feast square method or the Gaussian-Newton
tegression method may be applied to minimize the LY norm of error between an output of the
filter and a bitstream, which may be the original video bitstream.
(0087} Filters, such as high pass filters may be selected and/or trained, as these filters
may enhance the high frequency information lost during quantization. To improve filter stability
and to reduce computational complexity, the lincar filters may have one parameter, which may
be an additive filter offset. The additive filter offsct may be similar to the sample adaptive offsct
{5A0), which may be supported in HEVC. As described herein, filters may reduce the signaling
cost of a filter coefficient.
[0068] At 610, a wrained filicr may be apphied on edge pixels. The trained filter may be
applied on edge pixels, for example, to generate an improved video bitstream.
[0069] When filter parameter, such as a lincar filter parameters, may have been obtained
for cach class C, cach of the edge pixels, which may be dencted as pel, pel € €, roay be filtered
using the following equation:

val'{pel) = f¢ -val{N(pel}) + of f* (2
where £¢ may be the trained filter for class C, N(pelmay be the neighboring pinels of pel
involved in the filtering operation, ° - ral(N{pel)} may be the filtering operation between the
filter /¢ and the neighboring pixels ¥{pel), of f© may be the additive filter offset for class
and val(") and va! (") may be the pixel valaes before and after edge guided fikering. If a filter
with an additive filter offset may be used, then the equation (2) may be simplified to the
following equation:

val'(pel) = val(pely + of f© (%)

{00701 Filter parameters may be sent to a decoder at 612, As shown in FIG. 5, filter
parameters may be derived at the encoder side and may be signaled as part of a bitstream to the
decoder. This may be done, for example, so that the same filters may be applied to keep the
encoder and decoder in syne. Signaling of the filter parameters may incur overhead, which may
depend on a mumber of factors, such as the number of edge pixel classes, the filter tap lengths for

-1
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a filter in a class, or the like. Disclosed herein are methods and apparatus that may be used to
reduce the signaling overhead.

(0071} As different filters may be applied to differcnt classes, the number of classes may
atfect the amount of signaling overhead. For example, edge pixels may have been classified into
many classes, which may increase the signaling cost for a filter coefficient, and may lead to
potentially unstable trained filters as the number of training pixels in a class decreases.

10072] Edge classification may be based on the edge direction and may be based on a
sccond order derivative in the normal direction. The number of classes may affect the amount of
signaling. For exaraple, then there may be 16 filters that may be derived and signaled when
there may be eight edge directions and two signs {for example, positive and negative) of a
second order dertvative.

{0073] Other classification methods may be applied. For example, a reduced mumber of
edge directions may be used. As another example, the nomber of filters may depend on the
second order derivative along the normal direction, but may not depend on the edge direction.
This may reduce the number of filiers to be signaled to two. Edge directions may be computed,
but may be used to determine the normal directions of the edges such that second order divective
along the normal direction may be calculated.

10074} The following pseudo code may be used to signal the collection of filters and may
be used to assign the filters an edge pixel class. A collection of filters, which may be a total of
num_of filters, may be signaled. For an edge class, a filter idx (filter_idx may take a value
between O and mum_of filters-1, inclusively) may be signaled to indicate which filter may be

assigned to it

Signal nom_of filters
for (m=0; m <oum_of filters;
et )
§
L
Signal the m-th filter

!
3

Signal num_of classes
for {n=10; n<num of classes;
it )
Signal the n-th filter idx
3
f

[0075] Filter characteristics such as filter tap length and the precision of its coefficients
may affect the signaling overhead. As described herein, within a set of num_of filters, one or

more of the filters may be simplificd to mclade an additive offset. One coefficient per filter may
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be signaled. Unc or more of the filiers may have shorter tap length. For example, for an edge

gl

with edge direction 8{pel), a one-dimensional filier in the normal direction of 8{pel) + n/2

oy
I

may be applied. An example is shown in FIG. 7.

~
‘
7

[0076] FIG. 7 is a diagram illostrating an exampic of a 1-d filter. As shown in FIG. 7, an
cdge pixel pel, at 702, may represent horizontal edge 704, such as {pely = 0. To reduce filter
size, a 1-d filter that may usc neighboring pixels, such as neighboring pixel 706, in the vertical
direction may be applied.

(0077} Referring again to FIG. §, an encoder may decide the number of classes and may
decide what filters may be used for the classes based on characteristics of the input video signal.
For example, the encoder may make such decisions based on the rate distortion cost, and may
choose a set of classification and filtering parameters with a low rate distortion cost.

10078} Additional parameter signaling may be provided. The mmmber of edge pixels
found after the edge detection and edge refincment may be related to computational complexity
of the edge guided processing method. For exarople, if more pixels may be detected as edge
pixels, then filtering operations may be applied on more pixels, which may increase the
computational complexity. Parameters that may be used in edge refinement, such as the
threshold in equation (1), may be used to control the number of edge pixels. Different threshold
valucs may be applied to different edge classes. As shown at 612, these thresholds may be
signaled as part of the bitstream, or these thresholds may be fixed at the encoder and the decoder
and may not be signal. Syntax elements that may be used to signal parameters may be signaled
as part of the slice beader or may be placed in a separate NAL unit such as the Adaptation
Parameter Set (APS).

(00791 FiG. 8 is a diagram illustrating cdge guided processing that may occur at a
decoder. As shown in FIG. 8, the decoder may use edge detection to find the location of an edge
pixel. The decoder may use edge refinement and may use edge classification to classify an edge
pixel into 8 group. The decoder may use edge detection, edge refinement, and edge classification
o a stmilar manner as described herein with respect to an encoder. The decoder may toply
respective filters to the edge pixels according to the classes that they belong to, for example, for
cach pixel pel, pel € €, the decoder may apply linear filtering as in equation {2}, or may apply
filtering with an additive offsct as in equation (3).

10080 At 802, edge detection may be performed. A reconstructed video may be
received. Edge detection may be applied to the reconstructed video to detect the locations of the
pixcis that may represent an edge and/or 8 textured arca. This may be done, for example, to

recover a loss of bigh frequency information in 2 video reconstruction. An edge detection
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algorithm, such as the Canny edge detection algorithm, or the like, may be used. The edge
detection algorithm may output an edge map, such as a binary map, that may indicate which
pixels may be edge pixels. For an edge pixel pel, an edge detection algorithm may output a pair
of gradient values G(pel) and G fpei} that may indicate the edge strengths in both directions, and

1 Sy(peh

may cutprt an angle 8{pel) = tan~ that may indicate the direction of the edge.

Gx(peb)
{0081} At 804, edge refincment may be performed. Bdge refinement may refine a group

of edge pixels. Edge refinement may be used fo control the number of edge pixels that may be
processed, which may correspond to computational complexity. An edge pixel may be refined
based on the value of an edge gradient. For example, an edge pixel may be discarded when it is
less than a threshold.

(0082} (radient values, such as gradient values Gi(pel) and G (pel}, may be used to
remove the weak edges. This may be done, for example, by comparing the gradient values
against a threshold. An equation, such as equation (1} may be used.

[0083] Paramcters that may be used for edge refincment may be received from an
encoder. For example, gradient values such as Gupel) and G (pel), a threshold, or the like may
be received from an encoder. This may be done, for example, to allow the decoder to refine edge
pixels during decoding. The parameters that may be used for edge refinement may be recetved
in a bitstream, such as a video bitstream.

[0084] At 806, edge classification may be performed. Classification may be applied to
cdge pixels, such as edge pixels that may be output by edge refinement. Difterent classification
methods may be applied to pictures/arcas of with different characteristics. Classification may be
applied to divide edge pixels into subseis of edge pixcls that may share simifar characteristics.
[0085] Edge classification may classify edge pixels with similar edge directions. For
example, an edge pixel may be classified with other edge pixels that have similar values of
#{pel}, where 8 is a direction angle of an edge that the pixel,pel, may belong to.

(0086} An edge pixel may be grouped or classified with edge pixels that may have
similar second order derivatives along a normal divection, such as perpendicular to edge
direction. For example, a second order derivative along a normal direction, such as (8 (pel) +
/2, may be calculated for an edge pixel. If the edge pixel has a negative second order
derivative, then the pixel may be classified into a first group. This may occur, for example,
when a pixel intensity value moay increase and then decrease in the normal divection. i the edge
has positive second order derivative, then the edge pixel may be classified into a second group.
This may occur, for example, when a pixel inlensity value may decrease and then increase along

the normal direction.
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{00B7] Edge classification may use a mumber of edge classification methods n
combination, For example, edge direction and 2 second order derivative in the normal direction
may be combined to classify edge pixels into a number of groups, such as 16 groups. This may
allow edge pixels to be grouped with other edge pixels that may share the same characteristics.
Pixels that may be grouped together may be processed in a similar manner.

[0088] At 808, a trained filter may be apphied on edge pixels. A filier may be determined
for an edge class by determining a filter type that may best match the characteristics of the edge
class. For example, it may be determined than edge class may have a loss of details. A lincar
filter may be selected and may be applied on the edge pixels of the edge class to enhance lost
details.

[0089] Filier parameters may be used to train a filter for a filter class. For example, the
parameters may optimize the filter so reduce ervors. The filter parameters may be received from
an encoder. For example, the filter parameters may be encoded in a bitstream, such as a video
bitstream, that may be received from the encoder. The trained filter may be applied on edge
pixels, for example, to gencrate an improved video bitstream.

[0080] FIG. 9 is a dingram illustrating an error map between an upsampled picture and an
original picture. For example, FiG. 9 may show how errors between the upsanpled picture and
the original picture may be distributed. Pictures 910 and 915 may be original pictures. Images
920 and 925 may be error maps that may correspond between the original and the upsampled
picturcs. For example, image 920 may be an crror map that may correspond between picture 910
and an upsampled picture. As another example, image 925 may be an crror map that may
correspond between picture 915 and an upsampled picture. In an error map, such as image 920
and 925, the pixel errors may be found at 928, 930, 940, and 942, Edge locations may be found
at 926, 944, and 946. Locations where edges may be collocated with errors may be found at 932,
934, 936, and A large percentage of edge and ervor locations may collocate. The edge pixels
may have more information in frequency domain and it may be difficult to restore them using an
upsampling method.

{0091} Edge goided processing may be applied to an arca of a reconstrucied video. This
may be done, for example, to improve prediction quality when the reconstructed video may be
used as reference to predict future video signal. As described herein, edge guided processing
technique may be used for single layer video coding where spatial and temporal prediction may
be applied, and may be used for scalable video coding where inter layer prediction may be

applied using reconstructed video signal from one or more lower layers.
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{0082] Edge gmded processing may be applied in single layer and scalable systerns. As
described herein, the embodiments may be applied to single layer video coding systems, such as
in FIG. | and FIG. 2, and may be applied to scalable video coding systems, such as in Fi(3. 3
and FIG. 4. In a single layer coding system, this operation may be applied as part of the loop
filter operation, which may be block 366 tn FIG.1 and may be block 266 in FIG. 2. In this case,
the original video that may be used to train the filters in FIG. 5 may be the video toput 302 in
FIG. 1. When applied to a scalable video coding system, the operations may be apphied as part
of the ILP processing and management unit in FIG. 3 and FIG. 4. In this case, the original video
that may be used to train the filters in FIG. 5 may be the enhancement layer video inpuat in FIG.
3. In ascalable system, other processing, such as upsampling of the base layer reconstruction,
may be performed and reay be followed by edge-guided processing to further toprove the Uxer
layer reference pictures.

[0093] FIG. 10A 15 a disgram of an exarople communications system 100 in which oue
or more disclosed embodiments may be implemented. The communications system 100 may be
a multiple access system that provides conient, such as voice, data, video, messaging, broadceast,
cte., to multiple witeless users. The communications systern 100 may coable vwitiple wirckess
users to access such content through the sharing of system resources, including wireless
bandwidth. For example, the communications systems 100 may employ one or more channel
access methods, such as code division multiple access (CDMA), time division multiple access
{(TDMA), freguency division multiple access (FDMA), orthogonal FDMA (OFDMA), single-
carrier FDMA (SC-FDMA), and the like.

[0094] As shown in FIG. 1004, the communications systern 100 may inclode wircless
fransmit/receive units (WTRUs) 102a, 102b, 102¢, and/or 102d {(which generally or collectively
may be referred to as WTRU 102), a radio access network (RAN) 103/104/105, 2 core network
106/107/109, 3 public swiiched telephone network (PSTN) 108, the Internet 119, and other
networks 112, though it will be appreciated that the disclosed embodiments contemplate any
number of WTRUs, base stations, networks, and/or network elements. Each of the WTRUs
1024, 102b, 102¢, 102d may be any type of device configured to operate and/or commmunicate in
a wircless environment. By way of exanple, the WTRUs 102a, 102h, 102¢, 102d may be
configured to ransmit and/or receive wireless signals and may include user equipment (UE), a
mobile station, a fixed or mobile subscriber umit, a pager, a celiular telephone, a personal digital
assistant (PDA), a smartphone, a lapiop, a netbook, a personal computer, a wircless sensor,

consumer clectronics, and the fike,
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{0085] The communications systems 100 may also inclode a base station 114a and a base
station 114b. Each ofthe base stations 114a, 114b may be any type of device configured to
wirclessly interface with at least one of the WTRUs 102a, 102b, 102¢, 102d to facilitate access to
one or more communication networks, such as the core network 106/107/109, the Internet 110,
and/or the networks 112, By way of example, the base stations 114a, 114b may be a base
transceiver station (BTS), a Node-B, an eNode B, a Home Node B, a Home eNode B, a site
contrelicr, an access point (AP), a wircless router, and the like. While the base stations 114a,
114b are each depicted as a single clement, 1t will be appreciated that the base stations 114a,
114b may inclode any number of interconnected base stations and/or network elements.

{0086] The base station 114a may be part of the RAN 103/104/105, which may also
mchade other base stations and/or network elements (not shown), such as a base station controller
{BSC), a radio network controller (RNC), relay nodes, ctc. The base station 114a and/or the base
station 114b may be configured to fransmit and/or receive wircless signals within a particular
geographic region, which may be referred to as a cell (not shown). The celi may further be
divided into cell sectors. For example, the cell associated with the basc station 114a may be
divided into three sectors. Thus, in one embodiment, the base station 114a may include three
transcetvers, 1.e., one for each sector of the cell. In another embodiment, the base station 114a
may employ mubtiple-input multiple outpot (MIMQO) technology and, therefore, may utilize
multiple transceivers for cach sector of the cell.

{0097} The base stations 114a, 114b may commumnicate with one or more of the WTRUs
162a, 102b, 102¢, 102d over an air interface 115/116/117, which may be any suitable wircless
communication fink (e.g., radio frequency (RF), microwave, infrared (IR), ultraviolet (UV),
visible light, etc.). The air interface 115/116/117 may be established using any suttable radio
access technology (RAT).

10098} More specifically, as noted above, the cormnumications system 100 may be a
muitiple access system and may employ one or more channel access schemes, such as CDMA,
TDMA, FDIMA, OFDMA, SC-FDMA, and the like. For example, the base station 114a in the
RAN 103/104/105 and the WTRUs 102a, 102b, 102¢ may implerent a radio technology such as
Universal Mebile Telecommunications Systemn (UMTS) Terrestrial Radio Access (LUTRA),
which may establish the air interface 115/116/117 using wideband CDMA (WCDMA).
WCDMA may include commmunication protocols such as High-Speed Packet Access (HSPA)
and/or Evolved HSPA (HSPA+). HSPA may inclade High-Speed Downlink Packet Access
(HSDPA} and/or High-Speed Uplink Packet Access (HSUPA).

- 10 .
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{00991 Tn another embodiment, the base station 114a and the WTRUs 1024, 1(2b, 102¢
may implement a radio technology such as Evolved UMTS Terrestrial Radio Access (E-UTRA),
which may cstablish the air interface 115/116/117 using Long Term Evolution (LTE) and/or
LTE-Advanced (LTE-A).

[0100] In other embodiments, the basc station 114a and the WTRUs 102a, 102b, 102¢
may imploment radio technologies such as 1EEE 802,16 (i.c., Worldwide Interoperability for
Microwave Access (WIMAX)), COMA200(, CDMAZ000 1X, CDMAZ000 EV-DO, Interim
Standard 2000 (1S-2000), Interim Standard 95 (15-93), Interim Standard 856 (I5-856), Global
System for Mobile communications (GSM), Enhanced Data rates for GSM Evolation (EDGE),
GSM EDGE (GERAN), and the like.

{0101} The base station 114b in FIG. 100A may be a wireless router, Home Node B,
Home eMode B, or access point, for example, and may utilize any suitable RAT for facilitating
wircless connectivity in a localized area, such as a place of business, a home, a vehicle, a
campus, and the like. In ong embodiment, the base station 114b and the WTRUs 102¢, 1024
may implement a radio techmology such as IHEE 802,11 1o establish a wireless local arca
network (WLAN). In ancther embodiment, the base station 114b and the WTRUs 102¢, 102d
may implement a radio technology soch as IEEE 80215 to cstablish a wireless personal area
network (WPAN). [n yet another embodiment, the base station 114b and the WTRUs 102¢,
102d may utilize a cellular-based RAT {e.g., WCDMA, CDMAZ000, GSM, LTE, LTE-A | etc.)
to establish a picocel! or femtocell. As shown in FIG. 10A, the base station 114b may have a
direct connection to the Internet 110, Thus, the base station 114b may not be required to access
the Imternet 110 via the core network 106/107/109.

(102} The RAN 183/104/105 may be in communication with the core network
106/107/109, which may be any type of network configured to provide voice, data, applications,
and/or voice over infernet protocol (VoIP) services to one or more of the WTRUg 102a, 102b,
102¢, 102d. For example, the core network 106/107/109 may provide call control, billing
services, mobile location-based services, pre-paid calling, Internet connectivity, video
distribution, etc., and/or perform high-level security functions, such as user authentication.
Although not shown in FIG. 10A, 1t will be appreciated that the RAN 103/104/105 and/or the
core network 106/107/109 may be in direct or indirect communication with other RANs that
employ the same RAT as the RAN 103/104/105 or a different RAT. For example, 1o addition to
being connected to the RAN 103/104/163, which may be utilizing an E-UTRA radio technology,
the core network 106/107/109 may also be in conmunication with ancther RAN {not shown}

cmploying a GSM radio technology.
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(0103] The core network 106/107/109 may also serve as a gateway for the WTRUSs 102a,
102b, 102¢, 1024 to access the PSTN 108, the Internet 110, and/or other networks 112, The
PSTN 108 may inchide circuit-switched telephone networks that provide plain old telephone
service (POTS). The Internet 110 may include a global system of intercommected computer
networks and devices that use common communication protocols, such as the transmission
control protocol (TCP), user datagram protocol {UDP) and the mternet protocol {(IP) in the
TCP/TP internet protocol suite. The networks 112 may melude wired or wireless
commumications networks owned and/or operated by other service providers. For example, the
networks 112 may imchude another core network connected to one or more RANSs, which may
cmploy the same RAT as the RAN 103/104/105 or a differeni RAT.

[0104] Some or all of the WTRUs 102a, 102b, 1(2¢, 102d in the commaunications systom
160 may include multi-mode capabilities, L.e., the WTRUs 1(2a, 102b, 102¢, 102d may inchude
moultiple transceivers for communicating with differerd wireless networks over different wireless
links. For example, the WTRU 102¢ shown n FIG. 10A may be configured to commenicate
with the base station 1i4a, which may cmploy a cellular-based radio technology, and with the
base station 114b, which may cmiploy an IEEE 802 radio techoology.

[0105] FIG. 10B is a system diagram of an example WTRU 102. As shown in FIG. 108,
the WTRU 102 may include a processor 118, a transceiver 120, a transmit/receive element 122, a
speaker/microphone 124, a keypad 126, a display/touchpad 128, non-removable memory 130,
removable memory 132, a power source 134, a global positioning system (GPS) chipset 136, and
other peripherals 138, 1t will be appreciated that the WTRU 102 may mclude any sub-
combination of the foregoing clements while remaining consistent with an cobodiment.  Also,
embodiments contemplate that the base stations 1144 and 114b, and/or the nodes that base
stations 1 14a and 114b may represent, such as but not himited to transceiver station (BTS), a
Node-B, a site controller, an access point (AP}, a home node-B, an evolved home node-B
{eNodeB}, a home evolved node-B (HeNB), a home evolved node-B gateway, and proxy nodes,
among others, may include some or all of the clements depicted in FIG. 10B and described
herein.

{0106} The processor 118 may be a general purpose progessor, a special purpose
processor, a conventional processor, a digital signal processor (DSP), a pharahity of
TOICTOPTOCRSSOTS, ONE 0T MOTS MICTOPTOCessors i association with a RSP core, 2 countrolier, a
microcontroller, Application Specific Integrated Circuits (ASICs), Field Programmable Gate
Array (FPGAS) circuits, any other type of integrated cireuit {IC), a state machine, and the like.
The processor 118 may perform signal coding, data processing, power control, input/output
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processing, and/or any other functionality that cnables the WTRU 102 1o operate in 2 wirciess
environment. The processor 118 may be coupled to the transceiver 120, which may be coupled
to the transmil/receive element 122, While FIG. 10B depicts the processor 118 and the
transceiver 120 as separate components, it will be appreciated that the processor 118 and the
transcetver 120 moay be integrated together in an electronic package or chip.

(0107} The transmit/receive clement 122 may be configured to transmit signals to, or
receive signals from, a base station {c.g., the base station 114a) over the air interface
115/116/117. For exarople, in one embodiment, the transmit/receive clement 122 may be an
antenma configured to transmit and/or receive RF sigonals. In another embodiment, the
transmit/receive element 122 may be an emitier/detector configured to transmit and/or teccive
IR, UV, or visible light signals, for example. In yvet another embodiment, the transmit/receive
clement 122 may be configured to transmit and receive both RF and light signals. Tt will be
appreciated that the fransmii/receive clement 122 may be configured o transmii and/or reccive
any combination of wireless signals,

[0108] In addition, although the transmit/receive eloment 122 is depicted in FIG. 10B as
a single element, the WTRYU 102 may include any number of transmit/reccive clements 122.
More specifically, the WTRYU 102 may employ MIMO technology. Thus, in one embodiment,
the WTRU 102 may mclade two or more transmit/receive elements 122 (e.g., multiple antennas)
for transmitting and receiving wireless signals over the air interface 115/116/117.

{01093 The transceiver 120 may be configured to modulate the signals that are to be
transmitied by the ransmit/receive element 122 and to demodulate the signals that are received
by the transmit/receive clement 122, As noted above, the WTRU 102 may bave multi-mode
capabilities. Thus, the transceiver 120 may include multiple transceivers for enabling the WTRU
102 to communicate via multiple RATSs, such as UTRA and IEEE 802.11, for example.

(0110 The processor 118 of the WTRU 102 may be coupled to, and may receive user
input data from, the speaker/microphone 124, the keypad 126, and/or the display/touchpad 128
{c.g., a iquid crystal display (LCD) display unit or organic light-cmitting diode (OLED) display
unit). The processor 118 may also output user data to the speaker/microphone 124, the keypad
126, and/or the display/touchpad 128, In addition, the processor 118 may access information
from, and store data in, any type of suitable memory, such as the non-removable memory 130
and/or the remaovable memory 132, The non-removable memory 130 may include random-
access memory {RAM), read-only memory (ROM)}, a hard disk, or any other type of memory
storage device. The removable memory 132 may inclade a sabscriber identity module (SIM)

card, 8 memory stick, a secure digital (SD)} memory card, and the like. In other embodiments,
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the processor 118 may access information from, and store data in, memory that is not physically
located on the WTRU 102, such as on a server or a home computer {not shown),

(0111} The processor 18 may receive power from the power source 134, and may be
configured to distribute and/or control the power to the other components n the WTRU 102,
The power source 134 may be any suitable device for powering the WTRU 102, For example,
the power source 134 may inclode one or more dry cell batteries (e.g., nickel-cadmium (NiCd),
nickel-zine (NiZu), nickel metal hydride (NiMH), hithivmo-ion (Li-ion), ete.}, solar cclis, fucl
cells, and the hike,

{0112} The processor 118 may also be coupled to the GPS chipset 136, which may be
configured to provide location information {e.g., longitude and latitude) regarding the current
location of the WTRU 102, In addition to, or in lieu of, the information from the GPS chipset
136, the WTRU 102 may receive location information over the air interface 115/116/117 from a
base station {¢.g., base stations 114a, 114b} and/or determine its location based on the timing of
the signals being received from two or more nearby base stations. It will be appreciated that the
WTRU 102 may acquire location information by way of any suitable location-determination
method while remaining consistont with an embodiment.

{0113} The processor 118 may further be coupled to other peripherals 138, which may
mehade one or more software and/or hardware modules that provide additional features,
functionality and/or wired or wireless connectivity. For example, the peripherals 138 may
include an accelerometer, an e-compass, a satellite transceiver, a digital camera (for photographs
or video), a universal serial bus (USB) port, a vibration device, a television transeciver, a hands
free headset, a Bluctooth® module, a frequency modulated (FM) radio unit, a digital music
player, a media player, a video game player module, an Internet browser, and the like.

{0114} FIG. 10C 1s a system diagram of the RAN 103 and the core network 106
according to an embodiment. As noted above, the RAN 103 may employ a UTRA radio
technology to communicate with the WTRUSs 1024, 102b, 102¢ over the air interface 115, The
RAN 103 may also be in communication with the core network 106, As shown in FIG. 10C, the
RAN 103 may include Node-Bs 140a, 140b, 140¢, which may cach jnclude one or more
transceivers for communicating with the WTRUs 1024, 102b, 102¢ over the air interface 115,
The Node-Bs 140a, 140b, 140c may each be associated with a particular cell (not shown) within
the RAN 103, The RAN 103 may alsc include RNCs 142a, 142b. It will be appreciated that the
RAN 103 may include any number of Node-Bs and RNCs while remaining consistent with an

embodiment.

2
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{0115 As shown in FIG. 10C, the Node-Bs {40a, 140b may be in communication with
the RNC 14Za. Additionally, the Node-B 140c may be in communication with the RNC142b.
The Node-Bs 140a, 140b, 14{c may conummicate with the respective RNCs 14Za, 142b viaan
fub interface. The RNCs 1423, 142b may be in communication with one another via an har
interface. Each of the RNCs 142a, 142 may be configured to conirol the respective Node-Bs
140a, 140b, 140¢c to which it is connected. In addition, cach of the RNCs 1422, 142b may be
configured to carcy out or support other functionality, such as outer loop power control, Joad
control, admission control, packet scheduling, handover control, macrodiversity, security
functions, data encryption, and the like.

(0116} The core network 106 shown in FIG. 10C may include a media gateway (MGW)
144, 2 mobile switching center (MSC) 146, a serving GPRS support node (SGSN) 148, and/or a
gateway GPRS support node (GGSN) 150. While cach of the foregoing elements are depicted as
part of the core network 106, it will be appreciated that any one of these clements may be owned
and/or operated by an entity other than the core network operator.

(01171 The RNC 142a in the RAN 103 may be connected to the MSC 146 in the core
network 106 via an 1aCS interface. The MSC 146 may be connected to the MGW 144, The
MSC 146 and the MGW 144 may provide the WTRUs 1024, 102b, 102¢ with access to circuit-
switched networks, such as the PSTN 108, to facilitate communications between the WTRUs
1024, 1025, 102¢ and traditional land-line commumications devices.

[0118] The RNC 147a in the RAN 103 may alsc be connected to the SGEN 148 in the
corg network 106 via an luPS mierface. The SGSN 148 may be comnected to the GOSN 150
The SGSN 148 and the GGSN 150 may provide the WTRUs 102a, 102b, 102¢ with aceess to
packet-swiiched networks, such as the Internet 110, to facilitate communications between and
the WTRUs 1023, 102b, 102¢ and IP-enabled devices.

(0119 As noted above, the core ngtwork 106 may also be connected to the networks 112,
which may include other wired or wireless networks that are owned and/or operated by other
service providers,

{0120} FIG. 10D 15 a systom diagram of the RAN 104 and the core network 107
according to an embodiment. As noted above, the RAN 104 may employ an E-UTRA radio
technology to communicate with the WTRUSs 1024, 102b, 102¢ over the air interface 116, The
RAN 104 may also be in communication with the core network 107.

{0121} The RAN 104 may include eNode-Bs 160, 160b, 160¢, though #t will be
appreciated that the RAN 104 may include any number of eNode-Bs while remaining consistent

with an embodiment. The eNode-Bs 160a, 160b, 160c may each include one or more
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transceivers for communicating with the WTRUs 102a, 102b, 102¢ over the atr interface 116, In
one embodiment, the eNode-Bs 160a, 160b, 160c may implement MIMO technology. Thus, the
eNode-B 160a, for example, may use multiple anteninas to trapsimit wireless signals to, and
receive wireless signals from, the WTRU 10Za.

[0122] Each of the eNode-Bs 1603, 160h, 160¢ may be associated with a particular cell
(not shown) and may be configured to handle radio rescurce management decisions, handover
decisions, scheduling of users in the uplink and/or downlink, and the like. As shownin FIG.
10D, the eNode-Bs 160a, 160b, 160c may conununicate with one another over an X2 interface.
[0123] The core network 107 shown in FIG. 10D may include 2 mobility management
gateway (MME) 162, a serving gateway 164, and a packet data network {PDN) gateway 166,
While cach of the foregoing clements are depicted as part of the core network 107, it will be
appreciated that any one of these clements may be owned and/or operated by an entity other than
the core network operator.

[0124] The MME 162 may be connected to gach of the oNode-Bs 160a, 160b, 160c in the
RAN 104 via an S1 interface and may serve as a control node. For example, the MME 162 nay
be responsible for authenticating users of the WTRUs 102a, 102b, 102¢, bearer
activation/deactivation, sclecting a particular serving gateway during an initial attach of the
WTRUs 102a, 102b, 102¢, and the like. The MME 162 may also provide a control plane
function for switching between the RAN 104 and other RANs (not shown) that employ other
radio technologies, such as GSM or WCDMA,

[0125] The serving gateway 164 may be connected to cach of the eNode-Bs 160a, 160b,
160¢ in the RAN 104 viathe 51 mmterface. The serving gateway {64 may gencrally route and
forward user data packeis to/from the WTRUs 102a, 10Zb, 102¢. The scrving gateway 164 may
also perform other functions, such as anchoring user planes during infer-cNode B bandovers,
friggering paging when downlink data is available for the WTRUs 102a, 102b, 102¢, managing
and storing contexts of the WTRUs 102a, 102b, 1{2¢, and the like.

10126} The serving gateway 164 may also be comnected to the PDN gateway 166, which
may provide the WTRUs 102a, 102b, 102¢ with access to packet-switched networks, such as the
Internet 110, to facilitate communications between the WTRUs 102a, 102b, 102¢ and IP-cnabled
devices.

(0127 The core network 107 may facilitate communications with other networks. For
example, the core network 107 may provide the WTRUs 102a, 102h, 102¢ with access to circuyt-
switched networks, such as the PSTN 108, to facilitate compumications between the WTR s
1024, 1025, 102¢ and traditional land-line commumications devices. For example, the core

-5 .
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network 107 may include, or may communicate with, an [P gateway (e.g., an IP multimedia
subsystem (IMS) server) that serves as an interface between the core network 137 and the PSTN
108, In addition, the core network 107 may provide the WTRUs 102a, 102b, 102¢ with access to
the networks 112, which may include other wired or wireless networks that are owned and/or
operated by other service providers.

[0128] FiG. 10E is a systom diagram of the RAN 105 and the core network 109
according to an embodiment. The RAN 103 may be an access service network {ASN) that
employs IHEE 802,16 radio technology to communicate with the WTRUSs 102, 102b, 102¢ over
the air imterface 117, As will be further discussed below, the communication links between the
different functional entities of the WTRUs 102a, 102Zh, 102¢, the RAN 105, and the core network
109 may be defined as reforence points,

{01291 As shown in FIG, 10E, the RAN 105 may include base stations 180a, 180b, 180¢,
and an ASN gateway 182, though it will be appreciated that the RAN 105 may inclade any
number of base stations and ASN gateways while remaining consistent with an embodiment.
The basc stations 18(a, 180b, 180¢ may cach be associated with a particolar cell (not shown) in
the RAN 105 and may ecach include one or more trausceivers for commumicating with the
WTRUs 102a, 102b, 102¢ over the air interface 117, In one embodiment, the base stations 180a,
180b, 180c may implement MIMO technology. Thus, the base station 180a, for example, may
use multiple antennas to transmit wireless signals to, and receive wireless signals from, the
WTRY 102a. The base stations 180a, 180b, 180¢ may also provide mobiliy management
functions, sach as handoff triggering, tannel establishment, radio resource management, traffic
classification, quality of service {QoS) policy enforcement, and the like. The ASN gateway 182
may serve as a traffic aggregation point and may be responsible for paging, caching of sebscriber
profiles, routing to the core network 109, and the like.

(0130} The air interface 117 between the WTRUs 102a, 102b, 102¢ and the RAN 10§
may be defined as an R1 reference point that implements the IEEE 802.16 specification. In
addition, cach of the WTRUs 102a, 102b, 102¢ may establish a logical interface (not shown)
with the corg network 109, The logical interface between the WTRUs 102a, 102b, 102¢ and the
core network 109 may be defined as an R2 refercoce point, which may be used for
authentication, authorization, 1P host configuration management, and/or mobility management.
(0131} The commumnication link between each of the base stations 180a, 180b, 180¢ may
be defined as an RR reference point that includes protocols for facilitating WTRU handovers and
the transfer of data between base stations. The commumication link between the base stations

180a, 180b, 180c and the ASN gateway 182 may be defined as an R6 reference point. The Ré
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reference point may include protocols for facilitating mobility management based on mobility
events associated with each of the WTRUs 1022, 1026, 1(2¢.

(0132} As shown in FIG, 10E, the RAN 105 may be connected to the core network 109,
The commumication link between the RAN 105 and the core network 109 may defined as an R3
reference point that includes protocols for facilitating data transter and mobility management
capabilitics, for example. The core network 109 may inclade a mobile 1P home agent (MIP-HA)
184, an authentication, authorization, accounting (AAA) server 186, and a gateway 184, While
each of the foregoing elements are depicted as part of the core network 109, it will be
appreciated that any one of these cloments may be owned and/or operated by an entity other than
the core network operator.

[(3133] The MIP-HA may be responsible for IP address management, and may enable the
WTRUs 102a, 102b, 102¢ to roam between different ASNs and/or different core networks. The
MIP-HA 184 may provide the WTRUs 102a, 102b, 102¢ with access 1o packet-switched
networks, such as the Internet 118, to facilitate communications between the WTRUs 1{2a,
162b, 102¢ and [P-enabled devices. The AAA server 186 may be responsible for user
authentication and for supporting user services. The gateway 188 may facilitate interworking
with other networks. For example, the gateway 188 may provide the WTRUs 102a, 102b, 102¢
with access to circuit-switched networks, such as the PSTN 108, to facilitate communications
between the WTRUs 102a, 102b, 102¢ and traditional land-line communications devices. In
addition, the gateway 188 may provide the WTRUs 102a, 102h, 102¢ with access 1o the
networks 112, which may include other wived or wireless networks that are owned and/or
operated by other service providers.

0154} Although not shown in FIG. 10E, it will be appreciated that the RAN 105 may be
connected to other ASNs and the core network 109 may be connected to other core networks.
The communication link between the RAN 105 the other ASNs may be defined as an R4
reference point, which may include protocols for coordinating the mobility of the WTRUs 102a,
102b, 102¢ between the RAN 103 and the other ASNs. The commumication link between the
core network 109 and the other core networks may be defined as an RS reference, which may
fclude protocols for facilitating interworking between home core networks and visited core
networks.

[0135] Although features and elements are described above in particular combinations,
one of ordinary skill in the art will appreciate that cach feature or element can be used alone or in
any combination with the other features and elements. In addition, the methods described herein
may be implemented in a computer program, software, or firmoware incorporated in a computer-

-2

~J



WO 2014/052602 PCT/US2013/061936

readable medium for execution by a computer or processor. Exanples of computer-readable
media include electronic signals (transmoitted over wired or wircless conmections) and computer-
readable storage media. Examples of computer-readable storage media include, but are not
limited to, a read only memory (ROM), a vandom access memory (RAM), a register, cache
memory, semiconductor memory devices, magnetic media such as internal hard disks and
removable disks, magoeto-optical media, and optical media such as CD-ROM disks, and digital
versatile disks (DVDs). A processor in association with software may be used to tmplement a
radio frequency transceiver for use i a WTRU, UE, torminal, base station, RNC, or any host

computer.
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CLAIMS

What is claimed:
1. An apparatus comprising:
a processor configured to:
detect a pixel within an areca of an image, the pixel being part of an edge:
classify the pixel in an edge pixel class using a characteristic of the pixel
determine a filter for the edge pixel class using the characteristic of the pixel,
wherein the filter prevents a detail loss to the area of the image while video coding; and

apply the filter on the pixel.

2. The apparatus of claim 1, wherein the processor is further configured to:
determine an edge strength in an edge direction for the pixel; and
determine that the pixel does not belong to a weak edge osing the edge strength when the

edge strength is above a threshold.

3. The apparatus of claim 1, wherein the processor is configured to classify the pixel
n the edge pixel class using the characteristic for the pixel by:

detormining an edge divection for the pixel;

determining a normal valoe for the pixel indicating the value of a second order derivative
that is perpendicular to the edge direction; and

classifying the pixcl in an edge pixel class using the normal value and the edge direction.

4, The apparatus of claim 1, wherein the processor is configured to classify the pixel

in the edge pixel class using the characteristic for the pixel by:

-G -



WO 2014/052602 PCT/US2013/061936

detormining a gradient value G, indicating an edge strength o a first edge direction for
the pixel;

determining a gradient vahie &y indicating an edge strength in a second edge divection for
the pixel; and

determining an edge direction according to the cquation:

£ Gy . . .
& = tan™ | ;% |, where 8 is the edge direction.

5. The apparatus of claim 4, wherein the processor is further configured to classify
the pixel in an edge pixel class using the characteristics of the pixel by:
determining a second order derivative for the pixel according to the equation:
sd =8+ ’;[ where sd is the second order derivative; and
classifying the pixcl in the edge pixel class using the second order derivative and the edge

direction.

6. The apparatus of claim 1, wherein the processor s further configured to determine

a parameier for the filter to optimize the filter for the edge pixel class.

7. The apparatus of claim 6, wherein the processor is further configured to send a

parameter for the filter to a decoder.

g, The apparatus of claim |, wherein the processor s further configured to determine
a parameter for the filter to by performing a regression analysis to minimize creating an error in
the arca of the image when the filter is applicd on the pixel.

9. The apparatus of claim 8, wherein the regression analysis is a least mean of

square errors analysis.
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10, The apparatus of claim 1, wherein the image if a first image and the processor i3
further configured to:

generate a second image using the filter for the edge pixel class;

determine an crror for the edge pixel class by comparing the second image to the first
image; and

detormine a parameter for the filter to minimize the error for the edge pixel class.

1. The apparatus of claim 1, wherein the processor s farther configured to determine
a parameter for the filier to enhance high frequency mformation that can be lost during video

coding.

12, The apparatus of claim 1, wherein the processor s further configured to receive a

parameter for the filter to optimize the filter for the edge pixel class.

13 The apparatus of claim 1, wherein the processor is configured to apply the filter
on the pixel by:
generating a filtered pixel according to the equation:
val' = % - val{N} + of ¢
where val' (pel)is the filtered pixel, £ - val(N) is a filtering operating for a neighboring

pixel, and of f¢ is an offset for the edge pixel class.

14, The apparatus of claim 6, wherein the processor is configured to apply the filer
on the pixel by:
optimizing the filter by applying the parameter to the filter; and

generating a filtered pixel using the optimized filter.

-31-
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15, A method for edge goided processing for video coding, the method comprising:

detecting a pixel in an arca of an tmage, the pixel being part of an edge;

classifying the pixel in an edge pixel class using & characteristic of the pixel;

determining a filter for the edge pixel class using the characteristic of the pixel, whercin
the filter prevents a detail loss in the arca of the image while video coding; and

applying the filter on the pixel

16 The method of ¢laim 15, further comprising:
determining an edge strength in the edge direction for the pixel; and
determining that the pixel docs not belong to a weak edge using the edge strength when

the edge strength is above a threshold.

17, The method of claim 15, wherein classifying the pixel in the edge pixel class
using the characteristic for the pixel comprises:

determining an edge direction for the pixel;

determining a normal valae for the pixel indicating the value of a second order derivative
that is perpendicular to the cdge direction: and

classifying the pixel in an edge pixel class using the normal value and the edge direction.

18, The method of claim 15, wherein classifying the pixel in an edge pixel class using
the characteristic of the pixel:

determining a gradient value G, indicating an edge strength in a first edge divection for
the pixel;

determining a gradient value Gy indicating an edge strength in 2 second edge dircction for

the pixel; and
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detormining an edge direction according to the eguation:

., Gy . . .
8 = tan™|=~|, where 8 is the edge direction.
GXx
19, The method of claim I8, wherein classitying the pixel in an edge pixel class using

the characteristic of the pixel further comprises:
detormining a second order derivative for the pixel according to the equation:
sd =8+ 127-, where sd 18 the second order derivative; and
classifying the pixel in the edge pixel class using the second order derivative and the edge

direction.

20, The method of claim 15, further comprising determining a parameter for the filter

to optimize the filter for the edge pixel class.

21, The method of claim 20, further comprising sending the parameter for the filter 1o

a decoder.

22, The method of claim 1S, further comprising determining a parameter for the filter
to by performing a regression analysis to nunimize creating an error in the area of the image

when the filter is applied ou the pixch

23, The method of claim 22, wherein the regression analysis is a least mean of square

crrors analysis.

24, The method of claim 15, wherein the image is a first image and the method

further comprises:
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gencrating a sccond image using the filter for the cdge pixel class;
determining an error for the edge pixel class by comparing the second mage to the first
tmage; and

determining a parameter for the filter to minimize the error for the edge pixel class.

[
in

The method of claim 15, further comprising determining a parameter for the filter

to enhance high frequency information that can be lost during video coding.

26.  The method of claim 1S, further comprising receiving a parameter for the fiker to

optimize the filter for the edge pixel class,

27.  The method of claim 15, wherein applying the filter on the pixel comprises:
generating a filtered pixel according to the equation:

val = f¢ - val(N} + of f¢
where val’(pel}is the fiftered pixel, £€ - val{N)} is a filtering operating for a neighboring

pixel, and of /C is an offset for the edge pixel class.

28, The method of claim 20, wherein applying the filter on the pixel comprises:

optimizing the filter by applying the parameter to the filter; and

generating a filtered pixel using the optimized filter.

-34-



PCT/US2013/061936

WO 2014/052602

0ze

Wesnsg

A%

{tonesusdiinn pue UORBILNST) ke

PIE 210G s
QM0 BOUBIBIEY UonZIpRld Rioduie]
%
a8t P
niry o .
¥00[Q PAICAIISUO0BY uoiioipald feneds
99E
B4
doo %
. 0ge ’
UCHIOW “apowu uonopad fepous Bupon w LCISIOB(] QPO B
+ ¥
9ce ¥I0Jg LUGHOIPEI
Zie o
ULIOJSURL | B8IBALI &
&
7 2
=
gie =
UORBZIUENY) 85i0AU| =]
k4 £
y
80¢ P 90t “ P0e AW
Bupos Adoquz = RS uopezgenyy | wuojselL | enpisalns

HBIDILE0D [BNDISEY

Teeliect

zoe
08PIA 1L



PCT/US2013/061936

WO 2014/052602

T
124
P EHOIN
BIMNISIY SOUBIRIEN
90z
4 SIS
e doo
OBPIA DRIONIISUCIEY 5 ] 29% ,
M UoRONSI L IRodwa |
+ B
mNNOA HOOIG UORAIPSId i
4
. 09z P
. uonoipald preds
s 3
£C S
g
£5E
Sg
joR
ars : 0ig 80z , Z0¢
ULIOISUBE | 9SISAU| UOHBZIUBND BS48AU) * SHUelVi{eU Buposep Adonus Wessig
ferpisay




PCT/US2013/061936

WO 2014/052602

=3

oy

o

I

4%
JBponU

Ishe eseq

OJUI CIPIA B5RY

DI

OjUI 08PIA " YU

e U 0SpIA Y

=3

3 o oo oo R

<>
-

aiduwe

2

UMO(]

weassug
14
v q0v
CR Beuepy
%\mxum ba 0¥ ojui e
et % BUISS00)
wgaisiy KON dil ’ %;oﬁm&&
JRApi-isy
Weassug
14

v
JSpoosuL Jshen

usiisugyus]

i)

e e s

g U} O3DIA T3



PCT/US2013/061936

WO 2014/052602

\\\\\\\5\\\\\\\\\\\\\\\\\&\\\\\\\\\\\\\\\\\&\\\\\\\\\\\\\\\\
%

110 08PIA 18

10 09pIA 13

90¢ » LIBSISHG
JBp003D g 19
805
wateleuepy
ojul Z08 WESASI
© Duisssoold e . »
LONOIRS) d'll XA SKEIR0S
JBAE- o]
1 < WEsnsig
Jepooep 13 3

]




WO 2014/052602

Reconstructed video

Original video

!

PCT/US2013/061936

Edge detection
602
¥
R
Edge refinement £ &
604 & 5
@ B
w;: mmmmmmmm Send "é"%e"?e??n'é‘?%??
Edge classification pa‘"aaﬁ;gters
606
v
Filter training for each
class
608

Send fiter parameters

for each class

¥
Apply trained filters on
adge pixels
610

614

improved video




6/14
620
625
630
635
640
/ 645
650
655



WO 2014/052602 PCT/US2013/061936

7/14

@
()
b
&
23
5~
MM
S
S

® I’ ya
s
-

)

2

2.

o

=@

P

o)

a8

=

»

o

=z

FTRAY
- o 2




WO 2014/052602

PCT/US2013/061936

8/14
Reconstructed video
Edge detection
. : 802
Receive edge refinement
B - £ 11
\ 4
, o o
Edge refinement 2
804 £ 3
® 3
¥
Edge classification
806
Receive fiter parameters
for each class
A 4
Apply trained filters on edge
pixels
808

Improved video

g




WO 2014/052602 PCT/US2013/061936

RN

SRR




PCT/US2013/061936

WO 2014/052602

e

X

;
—

L

vOT "Bid

TOLUSIU

ayit

ot

NICAMIBN 8107
- BOL/L0L/S01L

e S NI

(v}
(e}
st

S0t
770T/E0T




WO 2014/052602 PCT/US2013/061936

11/14

115/116/117

120
. Transceiver |

Speaker/ = z — - ;
| JpRaken : Power Source |
- Microphone « f

126
Keypad

Peripherals.

Display/
Touchpad

Removable
Memory

Removable
Memory

FIG. 108



PCT/US2013/061936

WO 2014/052602

VAN
ONY
42 anj
SHICMISN
18I0
-
7y
NSDD NEOS GecL
act avl
Slny an
o EIIET
e
AN IS ONA
7 Sri GOy EZvL
SIOMIBN 8I07)
NLSd o S-BPON
g0t an epry
s ph
&0t




PCT/US2013/061936

WO 2014/052602

dot "Oid

M L\Ri\ ) /)/J\,/
= o osuomeN L
S R
N ail \\,,,// m
Tl femeen Apmaresy

. NGd Buinies
T, EE ¥oT

/

1
O Uk o
v S e
F/ gLl J
. I e S V7 N S

 g-epone
S IoMBN 840D €9l BT
75T




PCT/US2013/061936

WO 2014/052602

w BUI0 )
-~ T,
Mg "
S
~TT TN
O ‘ e /.:M)/
O jeuey
¢
\ﬂ/‘
\ yz g
o
\L\\ /,,r\/k,m
O NISd
¢ g07
N r
Mg —
NP S

ABmoyRe)
gET

VH- I

40T "Bid

e

Aemaiecy

AAd
B

HIOMIBN B0
&07

NSV

£ VA

uanels

g

9

uoneg
sseq

L2
ee
—

g

NV

uoneg




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/061936
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EPO-Internal, WPI Data
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2006/181740 Al (KIM BYUNG-GYU [KR] ET 1-28
AL) 17 August 2006 (2006-08-17)
[0012],[0026], [0033]-[0074],
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22 December 2011 (2011-12-22)
abstract
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Further documents are listed in the continuation of Box C.

See patent family annex.
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"E" earlier application or patent but published on or after the international
filing date

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

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

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

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