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4x4 and 8x8 luma intra-prediction directions

FIG. 4




Patent Application Publication

light to dark

light to dark

light to dark

7]
e
ol

mode 2: DC

_—
yep 011yby

mode 1: horizontal

T —
=

=

—_—
yep 011yby

]
=
e ——
HNE=

_—
yep 03 1yby

mode 0: vertical

light to dark

light to dark

light to dark

May 3,2012 Sheet 5 of 11

o]
o
2505
o]

[ TEHAN

= dsilE
O

=

e —

B ——

mode 5: vertical right

_—
yiep o} by

_—
yiep o} by

e —
B —

L5

mode 4: diagonal down right

mode 3: diagonal down left

yep o3 yBy

light to dark

light to dark

light to dark

[
BE=
R —

N

_—
yiep o1 Y6y

mode 8: horizontal up

ko
H 8
ras =
H 2
-
rrrrr— O
O MNEE
T ——
yiep o1 1ybj
Pl
. c
s == =
= 3
w i ©
T [
¥ 1 H §
[l £
S
]
Mep o11yby” E

US 2012/0106640 A1



May 3,2012 Sheet 6 of 11 US 2012/0106640 A1

Patent Application Publication

(['919 ‘uoiBaysjoxid aiow 1o g 1o ‘[oxid | se ma)
se] sjaxid +| 01 Buipuodsa.lod spow Jo/pue I0JIBA
uonaipaid Yyoes ‘g:0 sapowl Yum 93UBpIodde ul - 6o)
uoibal juauing ojul (s)uoiBal paposap

Alsnoinead woly Buipusixa s10300A uonipald =

anoge uolbal
papooap Ajsnoinaud

ay) 0} uoibal papoosp Ajsholrald

A\ 4

&

uoifaJ Juslnd

(3noybnoiyy
AleA Aew)

AN woiun

Ajuessassu jou



May 3,2012 Sheet 7 of 11 US 2012/0106640 A1

Patent Application Publication

(‘019 ‘am payyBram
q 1oxid ‘epp parybiom e [oxid 6-9)
Z 10100/ uonaipaid Jo Yybus)
Buoje spxid A Jo -ouy se pajyblom

/

uoibal Juauno

)

/

v,

/

y

(o0

‘©M pajybiom ¢ [oxid ‘Za pajublom
Z loxid ‘LA payyBlem | joxid “6e) -

| Jojoaa uonoipaid Jo yibus)

Buoje sjoxid X Jo *ouy se pajyblom




May 3,2012 Sheet 8 of 11 US 2012/0106640 A1

Patent Application Publication

(Apuspuadspul sejelado 1opodsp) AdIq |10} J8 'Old

300g 8|npow Buissasold

7

(sebewn Buipnpour)

,\. elep ospIA

ejep 09pIA POIONIISUOD

(uswiauyal Japoaus) Adid opis lepoous [ented g9 Oid

\. 4008 o|npow Buissasoud

(sebewn Buipniour)

\. BIEP OBPIA

BIEP 0BPIA POIONIISUOD

(Juswisuyal Jopodsp) (Adiq)

uoneAlap uonolpald-enul spis Jepoosp |ensed v8 "Old

\, B00g o|npow Buissasoud

(sebewn Buipniour)

ﬁ (suonoauip [es0))

uonBWIOUI PBaULDI

,\ Blep 08pIA

BIEP O0BPIA POIONIISUOD

;f (suonoauip 1eqolb)

UOIBWLIOJU| 8S1B0D



May 3,2012 Sheet 9 of 11 US 2012/0106640 A1

Patent Application Publication

T<6 sioxid jo Ayjeanid ays Jo 19sqns ay) 03 buipuodsauod
$10109A uonIpaid Jo Ajljean|d e 1o 1osqgns E JO JOJOBA
uonipaid saioadssl yoes Buluiwisiop Yjim 9OUBpIOIIE
ul uonewlojul apow uonolpald-eanul 9s1e0d sy} buluyed

0T6 sioxid jo Ayeanid puodss sy pue sjoxid jo Ayeinid
18414 8y} Buisn eiep ospia sy jo abew ayy Buioniisuod

T¢6 siexid jo Ayeanid e jo
19s5gns e 0} Buipuodsalioo s10199A uonipaid jo Ayjeand
ay] Jo 19sgns B Jo ||e 0} Buipuodsalioo uoljewlojul spow
uonoipaid-eljul ©s1209 BUIAIBIBI ‘BDINSP S10WDI B} WO)

0C6 B1ep 09pIA 8Y) Jo abewil
ue uiyum sjaxid Jo Aujeanid 1811 84} SAOGE pUB 13| JO BUD
1sB9] 1B poleoo) sioxid Jo Ajjeln|d puooss e woly siaxid
10 Ajeand jsai4 ay1 ojul Buipus)xd $10108A uopolpaud
J0 Ayjeanid e Buisn sjaxid jo Aujeanid 3say e Bune|nojes

TT6 [UUBYD UOIEIIUNWILIOD
B BIA S0IASP 9)0WSJ B WOJ) BJEP 08pIA BulAIaoal

016 [2UUEBLD UOHEDIUNWIWOD B WO} Blep 0apIA Buialedal

(=
(=
(2




US 2012/0106640 A1

May 3,2012 Sheet 10 of 11

Patent Application Publication

401 ©OId

Vol "Old

T2OT siexid jo Ayjeanid ayy
10 |ox1d puooos e Buijeinaes ul 8sn 1o} spow uoioipald
-BJJUI PUODDS B U}IM SDUBPIOIIE Ul S10J09A Uoloipasd
10 AJljeJn|d a1 Jo 10108A uonalpald puodos e Bunenoed

DE0T sexid jo Ayjeand
a1 Jo 1asgns ay) 0} Buipuodsaliod s10398A uondIpald
Jo Ajeand ayp Jo 18sgns 8y JO 10199A uonoipaid
BAIIadsDl Yyoes Buluiwisisp Y)im 92UEBPIOIIE Ul
uolewlolul apowl uonaipald-enul paulal ayy BulAojdwo

T10T siexid jo Aujeanid
e Jo |axid 181y e Bunenajes ul asn 1o} spow uonaipaid
-BIUI 1S1Y B UYJIM 8DUEPIOIDE Ul SI0}09A uonoipaid
10 Ayjeanid ayj Jo 101090 uoiolipald 1sy e Bunenoes

Dcot sexid jo Ayjeand
e JO 195gns & 0} Buipuodsaliod s10}99A uopoipald
10 AJjjednid e jo yoea Buipuodsaliod uoljewloul apow
uoioipaid-enjul paulad BuiAledal ‘S31ASP S10WIa) SU) WOy

OLOF [PUUBYD UCHEJIUNLUWOD
€ BIA 90IADp Sj0WBl B WOoJ) B)ep 08pIA Bulaleoal

(=
(=4
(=
-




US 2012/0106640 A1

May 3,2012 Sheet 11 of 11

Patent Application Publication

dll ©Old

Vil Old

TZ1T S10190A
uonoipald jo Ajeanid ayj Jo puooss oy Jo Yyibus| puooss
e Buoje sjaxid Jo Joquinu puoodss B JO Uoioun) B Se
$10}99A uonaipald jo Ajjeln|d auyy Jo puodss e Bunybiom

0Z 11 s|@xid jo Ayjean|d ay} Jo 18s8gns puooss
e Jo [ox1d yoeo Buie|nojeo ul asn 104 spow uonoipasd
-BJJUI PUOISS B Y}IM SOUBPIOIIR Ul SI0199A uonoipald
10 Ajjeanid sy Jo 101098 uondipald puooss e Bupenojes

FLL 1 S10199A uonoipald jo Ayjeanid ayi Jo 151y oy}
10 yibus| 1511y B Buoje sjaxid Jo Jagquunu jsiy e Jo uoiouny
e se s10199A uodipald Jo Ayjeinid e jo 1sa) e Bunybiam

OLIT siexid jo Ajeanid e jo 19sqns
18411 e Jo [8x1d yoes Bunyenofes ul ash Joj spow uonoipald
-BJIUI 1811} B YJIM SDUEPIOIIE U SI0}98A uolaipaid
10 Ajjelnid e Jo 1010oA uonaipaid 1841 e Bunenojes

(=
-—
—




US 2012/0106640 A1l

DECODING SIDE INTRA-PREDICTION
DERIVATION FOR VIDEO CODING

CROSS REFERENCE TO RELATED
PATENTS/PATENT APPLICATIONS

Provisional Priority Claims

[0001] The present U.S. Utility Patent Application claims
priority pursuant to 35

[0002] U.S.C. §119(e) to the following U.S. Provisional
Patent Application which is hereby incorporated herein by
reference in its entirety and made part of the present U.S.
Utility Patent Application for all purposes:

[0003] 1. U.S. Provisional Application Ser. No. 61/408,
647, entitled “Decoding side intra-prediction derivation for
video coding,” (Attorney Docket No. BP22257), filed Oct.
31, 2010, pending.

BACKGROUND OF THE INVENTION

[0004] 1. Technical Field of the Invention

[0005] The invention relates generally to digital video pro-
cessing; and, more particularly, it relates to performing
decoding side intra-prediction derivation in accordance with
such digital video processing.

[0006] 2. Description of Related Art

[0007] Communication systems that operate to communi-
cate digital media (e.g., images, video, data, etc.) have been
under continual development for many years. With respect to
such communication systems employing some form of video
data, a number of digital images are output or displayed at
some frame rate (e.g., frames per second) to effectuate a video
signal suitable for output and consumption. Within many
such communication systems operating using video data,
there can be a trade-off between throughput (e.g., number of
image frames that may be transmitted from a first location to
a second location) and video or image quality of the signal
eventually to be output or displayed. The present art does not
adequately or acceptably provide a means by which video
data may be transmitted from a first location to a second
location in accordance with providing an adequate or accept-
able video or image quality, ensuring a relatively low amount
of overhead associated with the communications, etc.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention is directed to apparatus and
methods of operation that are further described in the follow-
ing Brief Description of the Several Views of the Drawings,
the Detailed Description of the Invention, and the claims.
Other features and advantages of the present invention will
become apparent from the following detailed description of
the invention made with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0009] FIG.1 and FIG. 2 illustrate various embodiments of
communication systems.

[0010] FIG. 3A illustrates an embodiment of a computer.
[0011] FIG. 3B illustrates an embodiment of a laptop com-
puter.

[0012] FIG. 3C illustrates an embodiment of a high defini-

tion (HD) television.
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[0013] FIG. 3D illustrates an embodiment of a standard
definition (SD) television.

[0014] FIG. 3E illustrates an embodiment of a handheld
media unit.

[0015] FIG. 3F illustrates an embodiment of a set top box
(STB).

[0016] FIG. 3G llustrates an embodiment of a digital video

disc (DVD) player.

[0017] FIG. 3H illustrates an embodiment of'a generic digi-
tal image processing device.

[0018] FIG. 4 illustrates an embodiment of a 4x4 and 8x8
luma intra-prediction directions.

[0019] FIG. 5 illustrates an embodiment of a plurality of
possible operational modes for 4x4 luma intra-prediction.

[0020] FIG. 6 illustrates an embodiment of a decoder side
intra-prediction derivation (DIPD) with respect to a digital
image.

[0021] FIG. 7 illustrates an embodiment of a selective and

different weighting of prediction vectors with respect to a
digital image.

[0022] FIG. 8A illustrates an embodiment of partial
decoder side intra-prediction derivation (DIPD) operating in
accordance with decoder refinement.

[0023] FIG. 8B illustrates an embodiment of partial DIPD
operating in accordance with encoder refinement.

[0024] FIG. 8C illustrates an embodiment of a total DIPD
in which a decoder operates independently on received video
data.

[0025] FIG. 9A, FIG. 9B, FIG. 10A, FIG. 10B, FIG. 11A,
and FIG. 11B illustrate various embodiments of methods for
operating video processing devices.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Within many devices that use digital media such as
digital video, respective images thereof, being digital in
nature, are represented using pixels. Within certain commu-
nication systems, digital media can be transmitted from a first
location to a second location at which such media can be
output or displayed. The goal of digital communications sys-
tems, including those that operate to communicate digital
video, is to transmit digital data from one location, or sub-
system, to another either error free or with an acceptably low
error rate. As shown in FIG. 1, data may be transmitted over
a variety of communications channels in a wide variety of
communication systems: magnetic media, wired, wireless,
fiber, copper, and other types of media as well.

[0027] FIG. 1 and FIG. 2 are diagrams illustrate various
embodiments of communication systems, 100 and 200,
respectively.

[0028] Referring to FIG. 1, this embodiment of a commu-
nication system 100 is a communication channel 199 that
communicatively couples a communication device 110 (in-
cluding a transmitter 112 having an encoder 114 and includ-
ing a receiver 116 having a decoder 118) situated at one end
ofthe communication channel 199 to another communication
device 120 (including a transmitter 126 having an encoder
128 and including a receiver 122 having a decoder 124) at the
other end of the communication channel 199. In some
embodiments, either of the communication devices 110 and
120 may only include a transmitter or a receiver. There are
several different types of media by which the communication
channel 199 may be implemented (e.g., a satellite communi-
cation channel 130 using satellite dishes 132 and 134, a
wireless communication channel 140 using towers 142 and
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144 and/or local antennae 152 and 154, a wired communica-
tion channel 150, and/or a fiber-optic communication channel
160 using electrical to optical (E/O) interface 162 and optical
to electrical (O/E) interface 164)). In addition, more than one
type of media may be implemented and interfaced together
thereby forming the communication channel 199.

[0029] To reduce transmission errors that may undesirably
be incurred within a communication system, error correction
and channel coding schemes are often employed. Generally,
these error correction and channel coding schemes involve
the use of an encoder at the transmitter end of the communi-
cation channel 199 and a decoder at the receiver end of the
communication channel 199.

[0030] Any of various types of ECC codes described can be
employed within any such desired communication system
(e.g., including those variations described with respect to
FIG. 1), any information storage device (e.g., hard disk drives
(HDDs), network information storage devices and/or servers,
etc.) or any application in which information encoding and/or
decoding is desired.

[0031] Generally speaking, when considering a communi-
cation system in which video data is communicated from one
location, or subsystem, to another, video data encoding may
generally be viewed as being performed at a transmitting end
of the communication channel 199, and video data decoding
may generally be viewed as being performed at a receiving
end of the communication channel 199.

[0032] Also, while the embodiment of this diagram shows
bi-directional communication being capable between the
communication devices 110 and 120, it is of course noted
that, in some embodiments, the communication device 110
may include only video data encoding capability, and the
communication device 120 may include only video data
decoding capability, or vice versa (e.g., in a uni-directional
communication embodiment such as in accordance with a
video broadcast embodiment).

[0033] Referring to the communication system 200 of FIG.
2, at a transmitting end of a communication channel 299,
information bits 201 (e.g., corresponding particularly to
video data in one embodiment) are provided to a transmitter
297 that is operable to perform encoding of these information
bits 201 using an encoder and symbol mapper 220 (which
may be viewed as being distinct functional blocks 222 and
224, respectively) thereby generating a sequence of discrete-
valued modulation symbols 203 that is provided to a transmit
driver 230 that uses a DAC (Digital to Analog Converter) 232
to generate a continuous-time transmit signal 204 and a trans-
mit filter 234 to generate a filtered, continuous-time transmit
signal 205 that substantially comports with the communica-
tion channel 299. At a receiving end of the communication
channel 299, continuous-time receive signal 206 is provided
to an AFE (Analog Front End) 260 that includes a receive
filter 262 (that generates a filtered, continuous-time receive
signal 207) and an ADC (Analog to Digital Converter) 264
(that generates discrete-time receive signals 208). A metric
generator 270 calculates metrics 209 (e.g., on either a symbol
and/or bit basis) that are employed by a decoder 280 to make
best estimates of the discrete-valued modulation symbols and
information bits encoded therein 210.

[0034] Within each of the transmitter 297 and the receiver
298, any desired integration of various components, blocks,
functional blocks, circuitries, etc. Therein may be imple-
mented. For example, this diagram shows a processing mod-
ule 280a as including the encoder and symbol mapper 220
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and all associated, corresponding components therein, and a
processing module 280 is shown as including the metric
generator 270 and the decoder 280 and all associated, corre-
sponding components therein. Such processing modules
280a and 2805 may be respective integrated circuits. Of
course, other boundaries and groupings may alternatively be
performed without departing from the scope and spirit of the
invention. For example, all components within the transmitter
297 may be included within a first processing module or
integrated circuit, and all components within the receiver 298
may be included within a second processing module or inte-
grated circuit. Alternatively, any other combination of com-
ponents within each of the transmitter 297 and the receiver
298 may be made in other embodiments.

[0035] As with the previous embodiment, such a commu-
nication system 200 may be employed for the communication
of video data is communicated from one location, or sub-
system, to another (e.g., from transmitter 297 to the receiver
298 via the communication channel 299).

[0036] Digital image processing of digital images (includ-
ing the respective images within a digital video signal) may
be performed by any of the various devices depicted below in
FIG. 3A-3H to allow a user to view such digital images and/or
video. These various devices do not include an exhaustive list
of devices in which the image and/or video processing
described herein may be effectuated, and it is noted that any
generic digital image and/or video processing device may be
implemented to perform the processing described herein
without departing from the scope and spirit of the invention.
[0037] FIG. 3A illustrates an embodiment of a computer
301. The computer 301 can be a desktop computer, or an
enterprise storage devices such a server, of a host computer
that is attached to a storage array such as a redundant array of
independent disks (RAID) array, storage router, edge router,
storage switch and/or storage director. A user is able to view
still digital images or video (e.g., a sequence of digital
images) using the computer 301. Oftentimes, various image
viewing programs and/or media player programs are included
on a computer 301 to allow a user to view such images
(including video).

[0038] FIG. 3B illustrates an embodiment of a laptop com-
puter 302. Such a laptop computer 302 may be found and used
in any of a wide variety of contexts. In recent years, with the
ever-increasing processing capability and functionality found
within laptop computers, they are being employed in many
instances where previously higher-end and more capable
desktop computers would be used. As with the computer 301,
the laptop computer 302 may include various image viewing
programs and/or media player programs to allow a user to
view such images (including video).

[0039] FIG. 3C illustrates an embodiment of a high defini-
tion (HD) television 303. Many HD televisions 303 include
an integrated tuner to allow the receipt, processing, and
decoding of media content (e.g., television broadcast signals)
thereon. Alternatively, sometimes an HD television 303
receives media content from another source such as a digital
video disc (DVD) player, set top box (STB) that receives,
processes, and decodes a cable and/or satellite television
broadcast signal. Regardless of the particular implementa-
tion, the HD television 303 may be implemented to perform
image processing as described herein. Generally speaking, an
HD television 303 has capability to display HD media content
and oftentimes is implemented having a 16:9 widescreen
aspect ratio.
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[0040] FIG. 3D illustrates an embodiment of a standard
definition (SD) television 304. Of course, an SD television
304 is somewhat analogous to an HD television 303, with at
least one difference being that the SD television 304 does not
include capability to display HD media content, and an SD
television 304 oftentimes is implemented having a 4:3 full
screen aspect ratio. Nonetheless, even an SD television 304
may be implemented to perform image processing as
described herein.

[0041] FIG. 3E illustrates an embodiment of a handheld
media unit 305. A handheld media unit 305 may operate to
provide general storage or storage of image/video content
information such as joint photographic experts group (JPEG)
files, tagged image file format (TIFF), bitmap, motion picture
experts group (MPEG) files, Windows Media (WMA/WMYV)
files, other types of video content such as MPEGH4 files, etc.
for playback to a user, and/or any other type of information
that may be stored in a digital format. Historically, such
handheld media units were primarily employed for storage
and playback of audio media; however, such a handheld
media unit 305 may be employed for storage and playback of
virtual any media (e.g., audio media, video media, photo-
graphic media, etc.). Moreover, such a handheld media unit
305 may also include other functionality such as integrated
communication circuitry for wired and wireless communica-
tions. Such ahandheld media unit 305 may be implemented to
perform image processing as described herein.

[0042] FIG. 3F illustrates an embodiment of a set top box
(STB) 306. As mentioned above, sometimes a STB 306 may
be implemented to receive, process, and decode a cable and/
or satellite television broadcast signal to be provided to any
appropriate display capable device such as SD television 304
and/or HD television 303. Such an STB 306 may operate
independently or cooperatively with such a display capable
device to perform image processing as described herein.

[0043] FIG.3Gillustrates an embodiment of a digital video
disc (DVD) player 307. Such a DVD player may be a Blu-Ray
DVD player, an HD capable DVD player, an SD capable
DVD player, an up-sampling capable DVD player (e.g., from
SDto HD, etc.) without departing from the scope and spirit of
the invention. The DVD player may provide a signal to any
appropriate display capable device such as SD television 304
and/or HD television 303. The DVD player 305 may be
implemented to perform image processing as described
herein.

[0044] FIG.3H illustrates an embodiment of a generic digi-
tal image processing device 308. Again, as mentioned above,
these various devices described above do not include an
exhaustive list of devices in which the image processing
described herein may be effectuated, and it is noted that any
generic digital image processing device 308 may be imple-
mented to perform the image processing described herein
without departing from the scope and spirit of the invention.
[0045] Inthe current video coding standard AVC/H.264 (as
described in reference [1]), each respective pixel composing
a picture (image) is predicted through either inter or intra-
prediction.

[0046] The intra-prediction processing approach described
herein and in accordance with the principles described herein
involves creating a prediction of pixels within a current block
of'pixels using neighboring pixels from that very same picture
(image). For comparison, inter prediction (as opposed intra-
prediction) involves predicting pixels of the current block
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using pixels from previously decoded pictures (images) and
not those within the very same picture (image) (e.g., motion
compensated prediction).

[0047] For luma intra-prediction, pixels within respective
blocks of a picture (image) can be predicted using blocks of
pixels including 4x4 and 8x8 sized prediction blocks as
shown in Table 1, or 16x16 sized prediction blocks as shown
in Table 2, or generally NxN (where N is an integer) sized
prediction blocks. Analogously, chroma blocks may be pre-
dicted on 8x8 sized prediction blocks as shown in Table 3 or
generally MxM (where M is an integer) prediction blocks.
[0048] As shown below within Table 1, both 4x4 and 8x8
luma prediction use one of nine different prediction modes
(shown as varying from 0 to 8). Other than DC prediction,
each of these respective modes can be considered a direc-
tional propagation of the top and/or left pixels to fill the
current block and associated with a corresponding prediction
vector.

[0049] FIG. 4 illustrates an embodiment of a 4x4 and 8x8
luma intra-prediction directions. The directions represented
by each respective mode are shown in FIG. 4.

[0050] FIG. 5 illustrates an embodiment of a plurality of
possible operational modes for 4x4 luma intra-prediction.
Some examples of 4x4 spatial prediction with each of the 9
available modes are shown in FIG. 5. As may be seen in the
diagram, each respective intra-prediction mode has an asso-
ciated prediction vector extending from pixels located to the
left and/or above the one or more pixels of current interest. As
may also be seen in the diagram, each respective operational
mode has an associated prediction vector extending in a direc-
tion that correlates to the name of that operational mode.
[0051] In one embodiment, for each respective block, the
encoder (e.g., included within the source or transmitting
device from which the video data is being sent) must select an
operational mode and transmit these selected operational
modes to the decoder (e.g., included within the recipient or
receiving device to which the video data is sent for use in
being output or displayed). The number of bits needed to
transmit this associated information (e.g., overhead corre-
sponding to the selected operational modes) can be signifi-
cant and can compete with the throughput of the actual video
data from the encoder to the decoder. This can be especially
deleterious when coding efficiency is a primary concern. That
is to say, every non-video data bit that must be transmitted
from the encoder to the decoder competes with the video data
itself, and can reduce the overall coding efficiency of the
communication system operating to communicate the video
data from a first location to a second location. Presently, video
coding experts are working together on a more advanced
standard called HEVC (or MPEG-H) aiming for 50% effi-
ciency improvement relative to AVC/H.264. There are several
new intra-prediction methods that have been proposed during
this development. Two of those methods have been docu-
mented (as described in reference [2]) and implemented in the
HEVC software model (as described in reference [3]). While
these attempts do have some promising advantages, one being
the extension of the number of intra-prediction directions of
AVC/H.264 from 9 modes to 33 or more different modes, they
nonetheless incur a significant increase in overhead. That is to
say, by adding this large number of new operational modes
(e.g., increasing from 9 to 33), the number of bits necessary to
describe the intra-prediction direction for a given block (or
prediction unit (PU)) will also be significantly increased
thereby also reducing the overall coding efficiency of the
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communication system operating to communicate the video
data from a first location to a second location.

[0052] While on one hand, including more directional
modes could in fact help improve prediction, the significant
increase in overhead required to transmit all of these addi-
tional overhead bits to code these extra intra-prediction
modes can directly compete with the overall coding effi-
ciency of the communication system. As such, it can be seen
that introducing additional control or overhead bits competes
with actual video data to be transmitted from afirst location to
a second location for output or display.

TABLE 1

Intra 4 x 4 and 8 x 8 luma modes
4 x 4 and 8 x 8 Intra-prediction Modes

0 - Vertical prediction

1 - Horizontal prediction

2 - DC prediction

3 - Diagonal down left prediction
4 - Diagonal down right prediction
5 - Vertical right prediction

6 - Horizontal down prediction

7 - Vertical left prediction

8 - Horizontal up prediction

TABLE 2

Intra 16 x 16 luma modes
Intra 16 x 16 Prediction Modes

0 - Vertical prediction

1 - Horizontal prediction
2 - DC prediction

3 - Plane prediction

TABLE 3

Intra 8 x 8 chroma modes
Intra Chroma Prediction Modes

0 - DC prediction

1 - Horizontal prediction
2 - Vertical prediction

3 - Plane prediction

[0053] FIG. 6 illustrates an embodiment of a decoder side
intra-prediction derivation (DIPD) with respect to a digital
image (e.g., one respective digital image of a video data
signal). Herein, decoder side intra-prediction derivation
(DIPD) can be employed within respective digital images of
video data.

[0054] As described above, one approach for performing
communication of video data from a first location or device
including an encoder to a second location or device is for the
encoder to select the intra-prediction mode and communicate
this information to the decoder using extra bits that cut into
coding efficiency (e.g., compete with the available bandwidth
that may alternatively be used to communicate actual video
data). At the receiving end of the communication channel, the
decoder does relatively little in comparison and simply uses
the selected mode (as received from the encoder) to generate
its prediction.

[0055] However, as a digital picture (image) is decoded on
the receiving end, the decoder has a great deal of information
within that very same digital picture (image) from previously
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decoded pixels located to the left and/or above the current
block. As may be seen herein, a decoder can use this just
decoded information from within a given digital picture (im-
age) to search on its own for the most likely intra-prediction
direction without necessitating such direction and control the
encoder. For example, FIG. 6 shows how a number of predic-
tion vectors extend into the current region (e.g., a plurality of
pixels) from other pixels located to the left and/or above the
current region within an image of the video data. Based on
these prediction vectors, the values for respective pixels
within the current region may be calculated. It is noted that
each respective prediction vector may be employed for cal-
culating a respective one pixel. Alternatively, each respective
prediction vector may be employed for calculating more than
one respective pixel (e.g., a single prediction vector may be
employed for prediction vector a plurality of pixels).

[0056] A processing module, such as included within a
device operative to perform video and/or image processing,
can operate by calculating a first plurality of pixels (e.g.,
current region) using a plurality of prediction vectors extend-
ing into the first plurality of pixels (e.g., current region) from
a second plurality of pixels located to the left and/or above the
first plurality of pixels (e.g., current region) within an image
of'the video data. As may be seen, just decoded pixels within
a same picture (image) may be used to decode other pixels
within that very same picture (image). The processing mod-
ule may then operate by constructing the image of the video
data using both the first plurality of pixels (e.g., pixels within
the current region that have been most recently decoder) and
the second plurality of pixels (e.g., just decoded pixels within
that very same picture (image) to the left and/or above).
[0057] Inmany cases, the spatial redundancy that may exist
within a coded picture (image) is significant enough to allow
a relatively accurate guess at which prediction direction or
which prediction vector is most likely going to work well in
the next ‘current’ block to be decoded. A decoder can perform
this task and reduce or eliminate the need for the encoder to
send so many intra-prediction mode bits (e.g., as control or
overhead bits).

[0058] In all such cases, the encoder can perform the exact
same or similar search as the decoder in order to know exactly
which direction the decoder will ultimately select. Within
such systems, it is noted that both the encoder and decoder
should be in synchronization and be on the same page in this
respect so that they both generate identical predicted pixels.
[0059] FIG. 7 illustrates an embodiment of a selective and
different weighting of prediction vectors with respect to a
digital image. As may be seen with respect to various predic-
tion vectors, different prediction vectors may extend different
lengths back into the just decoded pixels located to the left
and/or above of the current region. Moreover, each respective
pixel associated with a given prediction vector may be
weighted differently as well. For example, those pixels closer
to the current region may be weighted more than those pixels
further from the current region along a given prediction vec-
tor.

[0060] With respect to performing communication of video
data from a first location or device to a second location or
device, there are at least three approaches to be considered in
accordance with the various aspects and principles of the
invention.

[0061] FIG. 8A illustrates an embodiment of partial
decoder side intra-prediction derivation (DIPD) operating in
accordance with decoder refinement. In accordance with this
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image or video processing approach, a processing module
800a is operative to receive not only video data (such as from
a communication channel) and also coarse information (glo-
bal directions). In this approach, there are a fixed number of
global directions D (e.g., D=9 as 9 directions given in AVC/
H.264) or a fixed number of prediction vectors that may be
employed to perform decoding of a picture (image). Around
every global direction, there could be several local directions.
These local directions will not be transmitted from the
encoder to the decoder, but coarse information corresponding
to the global directions can be transmitted from the encoder to
the decoder. Given the best global direction from the encoder,
the decoder then is operative to refine this mode by searching
for the best local direction using reconstructed prediction
units (PUs) around the current PU or current region. In this
way, the extra bits that would have alternatively been used to
code the local direction are then saved thereby increasing the
coding efficiency.

[0062] FIG. 8B illustrates an embodiment of partial DIPD
operating in accordance with encoder refinement. In accor-
dance with this image or video processing approach, a pro-
cessing module 8005 is operative to receive not only video
data (such as from a communication channel) and also refined
information (local directions). As may be understood, this
approach is similar to the previous embodiment [e.g., partial
DIPD operating in accordance with decoder refinement] with
at least one exception being that the coarse information (glo-
bal directions/modes) are determined by the DIPD search on
the decoder side, and the encoder uses only a few bits to refine
this decision by selecting the best local direction.

[0063] FIG. 8C illustrates an embodiment of a total DIPD
in which a decoder operates independently on received video
data. In accordance with this image or video processing
approach, a processing module 800c¢ is operative to receive
only video data (such as from a communication channel). No
additional associated coarse and/or refined information is
transmitted from the encoder to the decoder. In this approach,
no directions (e.g., coarse and/or refined) will be transmitted
from the encoder to the decoder. The decoder then finds the
prediction direction for every PU entirely by itself (e.g., with-
out any additional information provided from the encoder).
As may be seen, this approach can significantly reduce the
overhead completely to zero bits, but the decoder side mode
search approach may then include a slightly more sophisti-
cated approach to prevent bad decisions (e.g., since it does not
include any such directional information being coarse and/or
refined). As may be seen, the encoder only transmits the video
data to the decoder, yet each of the encoder and the decoder
when operating independently should arrive at the same
resultant picture (image).

[0064] Also, because the decoder will be making some or
all of the intra-prediction mode decisions, there is no real
reason to restrict the decoder to select only a single direction
per block. As mentioned above, within a given block or group
of pixels, each respective prediction vector may be employed
for calculating a respective one pixel. Alternatively, each
respective prediction vector may be employed for calculating
more than one respective pixel (e.g., a single prediction vector
may be employed for prediction vector a plurality of pixels).
In accordance with the AVC/H.264 and the proposals for
HEVC/MPEG-H, only one mode per block is use because it is
too expensive to explicitly transmit modes (e.g., overhead)
for each individual pixel.
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[0065] However, if these modes are instead determined on
the decoder side using DIPD in accordance with the various
aspects and principles of the invention, each pixel or region
could be predicted along independent directions (e.g., such as
in accordance with the embodiment depicted in FIG. 3). Cer-
tain regions could be predicted vertically, other regions pre-
dicted along the diagonal-left, and so on, in accordance with
region-dependent prediction (e.g., vertical, horizontal, etc.).
[0066] It is also noted that the shapes of such ‘current
regions’ and the pixels associated therewith can have any
desired shape including having pixels that are non-contigu-
ous with respect to each other. For example, a ‘current region’
may be composed of any desired shape such as a checker
board shape, non-contiguous or non-adjacent respective
groups of pixels, etc.

[0067] FIG. 9A, FIG. 9B, FIG. 10A, FIG. 10B, FIG. 11A,
and FIG. 11B illustrate various embodiments of methods for
operating video processing devices.

[0068] Referring to method 900 of FIG. 9A, the method
900 begins by receiving video data from a communication
channel, as shown in a block 910. The method 900 continues
by calculating a first plurality of pixels using a plurality of
prediction vectors extending into the first plurality of pixels
from a second plurality of pixels located at least one of left
and above the first plurality of pixels within an image of the
video data, as shown in a block 920. The method 900 then
operates by constructing the image of the video data using the
first plurality of pixels and the second plurality of pixels, as
shown in a block 930.

[0069] Referringto method 901 of FIG. 9B, the method 901
begins by receiving video data from a remote device via a
communication channel, as shown in a block 911. From the
remote device, the method 901 then operates by receiving
coarse intra-prediction mode information corresponding to
all of a subset of the plurality of prediction vectors corre-
sponding to a subset of a plurality of pixels, as shown in a
block 921.

[0070] The method 901 continues by refining the coarse
intra-prediction mode information in accordance with deter-
mining each respective prediction vector of a subset of a
plurality of prediction vectors corresponding to the subset of
the plurality of pixels, as shown in a block 931.

[0071] Referring to method 1000 of FIG. 10A, the method
1000 begins by receiving video data from a remote device via
a communication channel, as shown in a block 1010. From
the remote device, the method 1000 continues by receiving
refined intra-prediction mode information corresponding
each of a plurality of prediction vectors corresponding to a
subset of a plurality of pixels, as shown in a block 1020.

[0072] The method 1000 then operates by employing the
refined intra-prediction mode information in accordance with
determining each respective prediction vector of the subset of
the plurality of prediction vectors corresponding to the subset
of the plurality of pixels, as shown in a block 1030.

[0073] Referring to method 1001 of FIG. 10B, the method
1001 begins by calculating a first prediction vector of the
plurality of prediction vectors in accordance with a first intra-
prediction mode for use in calculating a first pixel of a plu-
rality of pixels, as shown in a block 1011. The method 1001
then operates by calculating a second prediction vector of the
plurality of prediction vectors in accordance with a second
intra-prediction mode for use in calculating a second pixel of
the plurality of pixels, as shown in a block 1021.
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[0074] Referring to method 1100 of FIG. 11A, the method
1100 begins by calculating a first prediction vector of a plu-
rality of prediction vectors in accordance with a first intra-
prediction mode for use in calculating each pixel of a first
subset of a plurality of pixels, as shown in a block 1110. The
method 1100 continues by calculating a second prediction
vector of the plurality of prediction vectors in accordance
with a second intra-prediction mode for use in calculating
each pixel of a second subset of the plurality of pixels, as
shown in a block 1120.

[0075] Referring to method 1101 of FIG. 11B, the method
1101 begins by weighting a first of a plurality of prediction
vectors as a function of a first number of pixels along a first
length of the first of the plurality of prediction vectors, as
shown in a block 1111. The method 1101 then operates by
weighting a second of the plurality of prediction vectors as a
function of a second number of pixels along a second length
of'the second of the plurality of prediction vectors, as shown
in a block 1121.

[0076] Itis noted that the various modules and/or circuitries
(e.g., for video processing, encoding and/or decoding, etc.)
described herein may be a single processing device or a
plurality of processing devices. Such a processing device may
be a microprocessor, micro-controller, digital signal proces-
sor, microcomputer, central processing unit, field program-
mable gate array, programmable logic device, state machine,
logic circuitry, analog circuitry, digital circuitry, and/or any
device that manipulates signals (analog and/or digital) based
on operational instructions. The operational instructions may
be stored in a memory. The memory may be a single memory
device or a plurality of memory devices. Such a memory
device may be a read-only memory (ROM), random access
memory (RAM), volatile memory, non-volatile memory,
static memory, dynamic memory, flash memory, and/or any
device that stores digital information. It is also noted that
when the processing module implements one or more of its
functions via a state machine, analog circuitry, digital cir-
cuitry, and/or logic circuitry, the memory storing the corre-
sponding operational instructions is embedded with the cir-
cuitry comprising the state machine, analog circuitry, digital
circuitry, and/or logic circuitry. In such an embodiment, a
memory stores, and a processing module coupled thereto
executes, operational instructions corresponding to at least
some of the steps and/or functions illustrated and/or
described herein.

[0077] It is also noted that any of the connections or cou-
plings between the various modules, circuits, functional
blocks, components, devices, etc. within any of the various
diagrams or as described herein may be differently imple-
mented in different embodiments. For example, in one
embodiment, such connections or couplings may be direct
connections or direct couplings there between. In another
embodiment, such connections or couplings may be indirect
connections or indirect couplings there between (e.g., with
one or more intervening components there between). Of
course, certain other embodiments may have some combina-
tions of such connections or couplings therein such that some
of the connections or couplings are direct, while others are
indirect. Different implementations may be employed for
effectuating communicative coupling between modules, cir-
cuits, functional blocks, components, devices, etc. without
departing from the scope and spirit of the invention.

[0078] As one of average skill in the art will appreciate, the
term “substantially” or “approximately”, as may be used
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herein, provides an industry-accepted tolerance to its corre-
sponding term. Such an industry-accepted tolerance ranges
from less than one percent to twenty percent and corresponds
to, but is not limited to, component values, integrated circuit
process variations, temperature variations, rise and fall times,
and/or thermal noise. As one of average skill in the art will
further appreciate, the term “operably coupled”, as may be
used herein, includes direct coupling and indirect coupling
via another component, element, circuit, or module where,
for indirect coupling, the intervening component, element,
circuit, or module does not modify the information of a signal
but may adjust its current level, voltage level, and/or power
level. As one of average skill in the art will also appreciate,
inferred coupling (i.e., where one element is coupled to
another element by inference) includes direct and indirect
coupling between two elements in the same manner as “oper-
ably coupled”. As one of average skill in the art will further
appreciate, the term “compares favorably”, as may be used
herein, indicates that a comparison between two or more
elements, items, signals, etc., provides a desired relationship.
For example, when the desired relationship is that signal 1 has
a greater magnitude than signal 2, a favorable comparison
may be achieved when the magnitude of signal 1 is greater
than that of signal 2 or when the magnitude of signal 2 is less
than that of signal 1.

[0079] Various aspects of the present invention have also
been described above with the aid of method steps illustrating
the performance of specified functions and relationships
thereof. The boundaries and sequence of these functional
building blocks and method steps have been arbitrarily
defined herein for convenience of description. Alternate
boundaries and sequences can be defined so long as the speci-
fied functions and relationships are appropriately performed.
Any such alternate boundaries or sequences are thus within
the scope and spirit of the claimed invention.

[0080] Various aspects of the present invention have been
described above with the aid of functional building blocks
illustrating the performance of certain significant functions.
The boundaries of these functional building blocks have been
arbitrarily defined for convenience of description. Alternate
boundaries could be defined as long as the certain significant
functions are appropriately performed. Similarly, flow dia-
gram blocks may also have been arbitrarily defined herein to
illustrate certain significant functionality. To the extent used,
the flow diagram block boundaries and sequence could have
been defined otherwise and still perform the certain signifi-
cant functionality. Such alternate definitions of both func-
tional building blocks and flow diagram blocks and sequences
are thus within the scope and spirit of the claimed invention.
[0081] One of average skill in the art will also recognize
that the functional building blocks, and other illustrative
blocks, modules and components herein, can be implemented
as illustrated or by discrete components, application specific
integrated circuits, processors executing appropriate software
and the like or any combination thereof.

[0082] Moreover, although described in detail for purposes
of clarity and understanding by way of the aforementioned
embodiments, various aspects of the present invention are not
limited to such embodiments. It will be obvious to one of
average skill in the art that various changes and modifications
may be practiced within the spirit and scope of the invention,
as limited only by the scope of the appended claims.
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What is claimed is:
1. An apparatus, comprising:
an input for receiving video data from a communication
channel; and
a processing module for:
calculating a first plurality of pixels using a plurality of
prediction vectors extending into the first plurality of
pixels from a second plurality of pixels located at least
one of left and above the first plurality of pixels within
an image of the video data; and

constructing the image of the video data using the first
plurality of pixels and the second plurality of pixels.

2. The apparatus of claim 1, wherein:

a first of the plurality of prediction vectors extending via a
first number of pixels into the first plurality of pixels
from the second plurality of pixels; and

asecond ofthe plurality of prediction vectors extending via
asecond number of pixels into the first plurality of pixels
from the second plurality of pixels.

3. The apparatus of claim 2, wherein:

the first of the plurality of prediction vectors being
weighted as a function of the first number of pixels along
a first length of the first of the plurality of prediction
vectors; and

the second of the plurality of prediction vectors being
weighted as a function of the second number of pixels
along a second length of the second of the plurality of
prediction vectors.

4. The apparatus of claim 1, wherein:

each of the plurality of prediction vectors corresponding to
a respective one of a plurality of intra-prediction modes.

5. The apparatus of claim 1, wherein:

at least two of the plurality of prediction vectors corre-
sponding to a common, respective one of a plurality of
intra-prediction modes.

6. The apparatus of claim 1, wherein:

the apparatus receiving the video data from at least one
additional apparatus via the communication channel;

from the at least one additional apparatus, the apparatus
receiving coarse intra-prediction mode information cor-
respondingto all of a subset of the plurality of prediction
vectors corresponding to a subset of the first plurality of
pixels; and

the processing module refining the coarse intra-prediction
mode information in accordance with determining each
respective prediction vector of the subset of the plurality
of prediction vectors corresponding to the subset of the
first plurality of pixels.

7. The apparatus of claim 1, wherein:

the apparatus receiving the video data from at least one
additional apparatus via the communication channel;
and

from the at least one additional apparatus, the apparatus
receiving refined intra-prediction mode information cor-
responding to each respective prediction vector of a
subset of the plurality of prediction vectors correspond-
ing to a subset of the first plurality of pixels.
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8. The apparatus of claim 1, wherein:
the processing module calculating a first prediction vector
of the plurality of prediction vectors in accordance with
a first intra-prediction mode for use in calculating a first
pixel of the first plurality of pixels; and
the processing module calculating a second prediction vec-
tor of the plurality of prediction vectors in accordance
with a second intra-prediction mode for use in calculat-
ing a second pixel of the first plurality of pixels.
9. The apparatus of claim 1, wherein:
the processing module calculating a first prediction vector
of the plurality of prediction vectors in accordance with
a first intra-prediction mode for use in calculating each
pixel of a first subset of the first plurality of pixels; and
the processing module calculating a second prediction vec-
tor of the plurality of prediction vectors in accordance
with a second intra-prediction mode for use in calculat-
ing each pixel of a second subset of the first plurality of
pixels.
10. The apparatus of claim 1, wherein:
the apparatus being operative within at least one of a sat-
ellite communication system, a wireless communication
system, a wired communication system, and a fiber-
optic communication system.
11. An apparatus, comprising:
an input for:
from at least one additional apparatus, receiving video
data via a communication channel; and

from the at least one additional apparatus, receiving
intra-prediction mode information corresponding to a
subset of a plurality of prediction vectors correspond-
ing to a subset of a first plurality of pixels; and
a processing module for:
employing the intra-prediction mode information in
accordance with calculating a plurality of prediction
vectors extending into the first plurality of pixels from
a second plurality of pixels located at least one of left
and above the first plurality of pixels within an image
of the video data;

employing the plurality of prediction vectors for calcu-
lating the first plurality of pixels; and

constructing the image of the video data using the first
plurality of pixels and the second plurality of pixels.

12. The apparatus of claim 11, wherein:

a first of the plurality of prediction vectors extending via a
first number of pixels into the first plurality of pixels
from the second plurality of pixels; and

a second of the plurality of prediction vectors extending via
asecond number of pixels into the first plurality of pixels
from the second plurality of pixels.

13. The apparatus of claim 12, wherein:

the first of the plurality of prediction vectors being
weighted as a function of the first number of pixels along
a first length of the first of the plurality of prediction
vectors; and

the second of the plurality of prediction vectors being
weighted as a function of the second number of pixels
along a second length of the second of the plurality of
prediction vectors.

14. The apparatus of claim 11, wherein:

the processing module calculating a first prediction vector
of the plurality of prediction vectors in accordance with
a first intra-prediction mode for use in calculating a first
pixel of the first plurality of pixels; and



US 2012/0106640 A1l

the processing module calculating a second prediction vec-
tor of the plurality of prediction vectors in accordance
with a second intra-prediction mode for use in calculat-
ing a second pixel of the first plurality of pixels.

15. The apparatus of claim 11, wherein:

the processing module calculating a first prediction vector
of' the plurality of prediction vectors in accordance with
a first intra-prediction mode for use in calculating each
pixel of a first subset of the first plurality of pixels; and

the processing module calculating a second prediction vec-
tor of the plurality of prediction vectors in accordance
with a second intra-prediction mode for use in calculat-
ing each pixel of a second subset of the first plurality of
pixels.

16. The apparatus of claim 11, wherein:

the apparatus being operative within at least one of a sat-
ellite communication system, a wireless communication
system, a wired communication system, and a fiber-
optic communication system.

17. A method for operating a video processing device, the

method comprising:

receiving video data from a communication channel;

calculating a first plurality of pixels using a plurality of
prediction vectors extending into the first plurality of
pixels from a second plurality of pixels located at least
one ofleft and above the first plurality of pixels within an
image of the video data; and

constructing the image of the video data using the first
plurality of pixels and the second plurality of pixels.

18. The method of claim 17, wherein:

a first of the plurality of prediction vectors extending via a
first number of pixels into the first plurality of pixels
from the second plurality of pixels; and

asecond ofthe plurality of prediction vectors extending via
asecond number of pixels into the first plurality of pixels
from the second plurality of pixels.

19. The method of claim 18, further comprising:

weighting the first of the plurality of prediction vectors as
a function of the first number of pixels along a first
length of the first of the plurality of prediction vectors;
and

weighting the second of the plurality of prediction vectors
as a function of the second number of pixels along a
second length of the second of the plurality of prediction
vectors.

20. The method of claim 17, wherein:

each of the plurality of prediction vectors corresponding to
a respective one of a plurality of intra-prediction modes.

21. The method of claim 17, wherein:

at least two of the plurality of prediction vectors corre-
sponding to a common, respective one of a plurality of
intra-prediction modes.
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22. The method of claim 17, further comprising:

receiving the video data from a remote device via the
communication channel;

from the remote device, receiving coarse intra-prediction
mode information corresponding to all of a subset of the
plurality of prediction vectors corresponding to a subset
of the first plurality of pixels; and

refining the coarse intra-prediction mode information in
accordance with determining each respective prediction
vector of the subset of the plurality of prediction vectors
corresponding to the subset of the first plurality of pix-
els.

23. The method of claim 17, further comprising:

receiving the video data from a remote device via the
communication channel;

from the remote device, receiving refined intra-prediction
mode information corresponding to each respective pre-
diction vector of a subset of the plurality of prediction
vectors corresponding to a subset of the first plurality of
pixels; and

employing the refined intra-prediction mode information
in accordance with determining each respective predic-
tion vector of the subset of the plurality of prediction
vectors corresponding to the subset of the first plurality
of pixels.

24. The method of claim 17, further comprising:

calculating a first prediction vector of the plurality of pre-
diction vectors in accordance with a first intra-prediction
mode for use in calculating a first pixel of the first plu-
rality of pixels; and

calculating a second prediction vector of the plurality of
prediction vectors in accordance with a second intra-
prediction mode for use in calculating a second pixel of
the first plurality of pixels.

25. The method of claim 17, further comprising:

calculating a first prediction vector of the plurality of pre-
diction vectors in accordance with a first intra-prediction
mode for use in calculating each pixel of a first subset of
the first plurality of pixels; and

calculating a second prediction vector of the plurality of
prediction vectors in accordance with a second intra-
prediction mode for use in calculating each pixel of a
second subset of the first plurality of pixels.

26. The method of claim 17, wherein:

the video processing device being operative within at least
one of a satellite communication system, a wireless
communication system, a wired communication system,
and a fiber-optic communication system.
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