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Field of the Application

{0003} This application is directed to multimedia signal processing and, more

particularly, to wireless video communication,
Description of the Related Ayt

{0004 Multimedia processing systems, such as video encoders, may encode
multimedia data using encoding methods based on international standards such as
Moving Picture Experts Group (MPEG)-1, -2 and -4 standards. the Infernational
Telecommunication Union (FTLH-T H.263 standard, and the ITU-T H.264 standard and
its counterpart, ISOAEC MPEG-4, Part 10, i.e., Advanced Video Coding (AVCQ). Such
encoding methods generally are directed to compressing the multimeadia data for
transmigsion and/or storage. Compression is broadly the process of removing

reduadancy from the data.
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characterized by a motion vector. Any differences between the block and partially
matching portion of the reference frame may be characterized in terms of a residual. The
encoder may encode a frame as data that comprises one or more of the motion vectors
and residuals for a particular partitioning of the frame. A particular partition of blocks
for encoding a frame may be selected by approximately minimizing & cost function that,
for exaraple, balances encoding size with distortion of the content resulting from an

encoding.

{0008} Inter-coding enables more compression efficiency than intra-coding.
However, inter-cading can create problems when reference data {e.g., reference frames

or reference fields) are lost due to channel errors, ete. In these cases, decoding of inter-
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SUMMARY

{0010} The system, methaod, and devices of the application each have several
aspeots, no single one of which iy solely responsible for its desirable attributes. Without
limiting the scope of this application as expressed by the claims which follow, its more
prominent features will now be discussed briefly, After considering this discussion, and
particularly after reading the section entitled “Detailed Description of Certain
Embodiments™ one will understand how the sample features of this application can

provide some improvements that include, among others, for example, improved desoded



particularly after r di g the section entitled

Det ai |l ed Description of Certain Enbodi nents” one wll
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can provide sone inprovenents that include, anong

ot hers, for exanple, inproved decodedvi deo quality,

i nproved error recovery, inproved error resilience

and/ or inproved wrel ess conmunication efficiency,
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{0015} A machine readable medivm, for processing mullimedia data that includes a
plurality of video frames is describe, where the machine readable medium includes
instructions that upon execution catise a machine to inttialize a pixel-level reference
counter for a current frame, perform a prediciion of a next frame referring to the current

frame, and readjust a macroblock bandwidth map of the current frame.

BRIEF DESCRIPTION OF THE DRAWINGS
{0016} FIG. 1 is a block diagram illustrating a multimedia communications system

according tO One aspect.

{0017} FIG. 2 is a block diagram iHustrating an embodiment of an encoder device



j016] FIG 1 is a block diagramillustrating a

mul ti medi a communi cati ons system according to o
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enbodi nent of a encoder devicethat nmay be used in a

systemsuch a illustrated in FIG 1. JOOS] FIG 3 is

a block diagramillustrating enbodi nent of a decoder

device that may be u in a systemsuch as illustrated

in FIO 1 . | 00..9] PIG 4A is a flowhart

illustrating a exanple of a method of encodi ng a
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J0025)  FIG 9 illustrates a wireless communication system 900 according to certain

embodiments.

{0026} FIG. 10 shows an organization of the coded video data or video bitstream in
stices and AUs.

{00271 FIG. 11 shows the organization of video bitstream(s) in slices and AUs and
their mapping to FLO frames.

{0028} FIG. 12 shows a prediction hierarchy for predicted frame coding according
to certain embodiments.

{602 F1G. 13 shows a two-pass algorithm to determine the prediction chain and

put more significance to the frequently reference macroblocks according to certain

embodiments.
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mul titude of different ways as defined and covered by
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{0034} In this example, the encoder device 110 comprises a processor 112 coupled

to a memory 114 and a transceiver 116, The processor 112 may inclhude one or more of a
general purpose processor and/or a digiial signal processor, The memory 114 may
include one or more of solid state andfor disk based storage. The processor 112 encodes
data from. the multimedia dala source and provides it to the transceiver 116 for

communication over the network 140

{0035 In this example, the decoder device 150 comprises a processor 152 coupled
to a memory 154 and a transceiver 186, The processor 152 may include one or more of &
general purpose processor and/or a digital signal processor. The memory 154 may
include one or more of solid state and/or disk based storage. The transceiver 136 is

configured to receive multimedia data over the network 140 and provide it to the



configured to receive multinedia data over the network

140 and provide it to theprocessor 52 for decoding,
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val ue estimator 202 nmay wo
component due to errors infroduded at tht, decoder while concealing the portion of video

data if it were received in error. The distortion value estimator may consider multiple

encoding methods and caleulate distortion values for each of the encoding methods.

{0037} The encoding method determiner 204 determines an encoding method that
will be nsed to encode the portion of video data based on the estimated distortion val ue.
The encoding method determiner 204 and the distortion valoe estimator 202 may work
together to cateulate multiple distortion values for multiple encoding methods (for
example muftiple inter-coding methods) and pick the encoding method that results in the
least distortion. The encoding method determiner m ay compare the distortion valueto a
threshold and, based on the comparison, determine that another encodi ng method is

needed. The other encoding method may be an encoding method related to refreshing the
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error concealment element 304, The multimedia decader 302 decodes an encoded
multimedia bitstream such as was encoded using the sncoder device 110 of FIG. 2. The
muitimedia decoder performs inverse operation corresponding to the encoding
operations used to encode the data. The encoded data may be inter-coded fe.g.,

temporally predicted data) and/or intra~coded data.

{041} The error concealment element 304 performs vasious forms of error
concealment that are used to conceal or cover-up portions of video that are received in
ervox or are otherwise not decodable {e.g., due to synchronization loss). The concealment

methods may include spatial error concealment, temporal error concealment and other
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(e.g., tenporally predicted data) and/or intra-coded

data. | 004! | The error conceal nent el enment 304

perforns various fornms of error conceal nent that are

used to conceal or cover-up portions of video that are
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REORAIR AT AL i f6ve the decoded video quality. The method in this example can

also determine an encoding method based on the estimated distortion value, The

encoding method may be deternmined to minimize the distortion value among a plurality
of encoding methods. The encoding method may be determined based on imnproving
recoverability of the portion of video at the decoder. The encoding method may be

determined to refresh the video portion so as to limit error propagation at the decoder.
{00443 Referring to FIG. 44, method 400 begins at block 402 where an encoding

device estimates a distortion value for a portion of multimedia data. The portion of

multimedia data may be a pixel (e.g., luma and chroma, or red, green and blue, efc), a



decoder, which may inprove the decoded video quality.
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val ue. The encodi ng nethod may be determined to

mnimze the distortion value anong a plurality of

encodi ng nmet hods. The encodi ng net hod may be

det ernmi ned based on inproving recoverabiiiiy of the

portion of video at the decoder, The encodi ng net hod

may be determined to refresh tHe video portion so s to

limt error propagation at the decoder. |0044]
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determined to be refreshed, e.g., intra~coded, the distortion value of that block may be

set to zero, or to the distortion valuve due {o quantization or some other factor.

{0046} At block 404, the encoder device determines an encoding methaod to be used
for the portion of multimedia data based on the estimated distortion value. In some
examples, distortion values are caleulated at block 402 for mudtiple encoding methods as
part of a rate distortion calculation that is used for choosing which encoding method of
multiple methods is to be used. For example, the encoding method that results in the

minimam distortion value may be determined {(at block 404} to be used for encoding the
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ma new frame, In this way, cumulative distortion may

be easily calculated, Jf any block is determ ned to be

refreshed, e.g., ultra-coded, the distortion val ue of

that block may be set to zero, or io the distortion

val ue due to quantization or o e other factor. [0046]
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P77 and a probability that predictors used by a concealment method are lost (defined as
a probability “Q7). As at least one of the assumed probabilities P and Q are increased,
the algorithm tends more towards vielding good error resilience/concealment while
trading off compression efficiency. The converse happens when one decreases at least

one of the probabilities P and Q.
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dcmi enexadipledlictidn methods. A motion vector 603 poinis to a MB sized prediction
region 610 made up of four area portions labeled a1, a2, a3 and a4. The arca portions al
~ a4, lie within four MB*s 615, 620, 625 and 630, respectively. The distortion values of
the MB’s 615-630 may be obtained from a stored version of the distortion map of the
previous frame. T this example, the cumulative distortion values of the four area
portions al-a4 in the prediction region 610 are weight averaged { e.g., based on the
rumber of pixels in each area portion) to calculate the distoriion value of the current
MB. Thus, the estimated expected distortion value of the current macroblock due to the

cumulative exror propagation is given by:
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{00531 Concealment error computations may be computationally complex.
However, under some reasonable assumptions, they may be approximated as a
difference in the following SAD (swm of accumulated differences in pixel values)

values:

SADq, : SAD obtained between the original image and the compressed image

when the optimal MV and the optimal encoding mode are used.
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errors may exist if some or all of the current frame andfor the past frame is received

erroncously, where each occurs at a probability of Q. Distortion value components
corresponding to four different concealment estimates may be considered, where the
four concealment estimates correspond to four scenarios 1) current frame available and
previous frame available, 2) current frame available but previous frame erroneous, 3)
cusrent frame erroneous but previous frame available and 4) both the current frame and
the previous frame are erroneous. Details regarding the calculation of the four
concealment estimates are not crucial 1o the understanding of the distortion value
calculation, and will not be discussed herein. The cumulative distortion including the

four distortion value components may be computed as:
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H U Note that other concealment estimates may be considered and included in

Equation () based on the probabilities that other prediction regions are not available.
Equation {4) may be used for cach MB in a franie in order to form the distortion map as
illustrated in FIG. 5. Thus, the distortion values calculated using Equation {4) comprise a
weighted sum of distortions incurred by choosing multiple options of soncealment,

where the weight is the probability of each concealment option being chosen,

{0058} FIG. 4B is a flowchart ilusirating in more detail an exam ple of a method of
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examples of temporal error concealment methods may be based on optical flow methods.
Other forms of concealment that may be represented by the distortion value estimated at
the block 402 include spatial and frequency domain interpolation, maximally smooth
recovery, and projection into convex sets, Skilled technologists will recognize other
forms of error concealment that may be represented when estimating the distortion value
at the block 402 of the method 400,

{0061} As discussed above, the encoder device determines, at the block 404, an
encoding method based on the distortion value that was estimated at the block 402, In
some embodiments, the estimated distortion value is compared 1o a threshold and the

encoding method is determined based on the comparison. The threshold may be a single
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superframe) do not reference frames outside of the GOP. In order to assure that the
MB’ s have a higher chanoe of being intra~coded at the start of a GOP, the threshold in
the frames near the beginning of the GOP may bave a lower threshold than the MB’s

near the end of the GOP,

{0065 In some exampies, the threshold may be a function of the distribution of
distortion values, in the distortion map for example, within a frame. For example, the

threshold may be set adaptively o ensure a percentage of MB’s within the frame are
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portions of video that may be referenced by other predicted portions.

{0068} After the encoding method is determined, at the block 404, based on the
distortion value estimated at the block 402, the process 420 continues at block 406,
where the portion of multimedia data being encoded is encoded with the determined

encoding method. The encoding methods at block 406 may include intra-coding with or
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determper 704, |O 70] F.1G 8 is a functional hblock

SRR anT §3: pOS whsw g dlﬁi*r“@%ﬁ%ﬁ’éﬁ%? COMRPTISEE AR BRCQing wathod
&dr-hifet 7oy be used in a systemsuch as illustrated
in FIXI 1. This aspect includes neans for estimating a

gbﬁ(ﬁr ti gnGValden hifiofi f}l{f&tdupﬁ?ﬁﬁ} 108t Qkin Q‘éhtek%gle?of an encoder
ata based at | east in part on one or nofe conceal ment

fietipo 450 feaf ape bersedibrcesldmgabns ilestatediodtiCon. Fhismppect
gicﬁ?tfea RRGhE AR MRLE: 4SS 8 s’r{é‘ﬁﬁ Qal?!%rf %hf'%? ?o@%ﬁrlﬁ" nﬁtﬁfxmeﬁza data

termning an encodf ng
basddt Besiipastt dynogar e checabb éntatabods :slamd uozmnceaim« the first

}égxlti%gtf {llxe first portion were received in error, and means for determining an encoding
method for the first portion based at least in part on the estimated distortion value. In
some examples of this aspect, the estimating means comprises a module for estimating
distortion value 802 and the determining means comprises a module for determining

encoding method 804,

{0071} The error resilience strategies and algorithms that apply to video
trangmigsions over error prone environments are discussed. These concepts apply 1o any
individual or combination of existing or future application, transport and physical layer

or other technologies. The fundamental aspect is of effective error robusiness algorithms



sonme exanples of this aspect, the estinmating neans
conprises a nod e for estimating distortion val ue 802
wa 2007@ssheb er i ni ng neans conpri ses a nodul e f OPCT/US2007/060794

determ ni ng encodi ng net hod 804. f0071] The error

resilience strategies and algorithns that apply to

vi deo transm ssions over error prone environnents are

di scussed. These concepts apply to any individual or

conbi nation of existing or futy L € appl i cati on,

transport and physical |ayer or“other technol ogies.

The fundanental aspect is of effective error
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5%\49%?%' Jé et(ycnh{tﬁtmzI:aﬁcﬁnr}%gégj 5§%%c6;b€§r}ﬁ};5ﬁ zgéfe.?sgﬁmce aspects
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m%m r%n &R SERmR X/GVPH%‘B}C@BWW@&? S ly mt,iudes a

Szyisb leg)@ﬁeiow dyptebN Gl dREWA) ¥tleRine Dy ORRD %cﬁétfel@ and a video
énot sggégndg? con ti n of a_.video encader 910 and
QaEr BREGoh by ghive SRTBHIGRIOR BAYRTN Péat \Sﬁ“ﬁét%} Ran fusther

SicQideNa! RO Ko r
‘35;0 ea I X vvo}rQ kﬁgﬁgﬁﬁg rl Fs;%i%g}h i Qgﬁ;ﬂ%@ w0 R 4 qu Qé 81&06iu1'1’im 960,

reless ﬁtm@ﬁ&wQ(gnfa?iéss()?ﬁeefﬂfa@@n@#181@1’6]1‘5? \nﬁ;ptm‘ée channei can exhibit
%ﬁtﬂ&ﬁﬁﬁm‘ﬁﬂﬁ{ & {8k Sﬁ‘xﬁh?ﬁﬁ rbag%(ﬂ-l ?ﬁé\dui ﬁgﬁz@@pga@ggr[ms in addition to

fading or shadow ng a tr-
suwidriads 1oss. Aadiorban chtmrgaémmd aqxxilt)m\hdxs seliable combabications for

I d L e c n| cati o
LR T e Y T,
whrcharah Brohole Gosteetvizomd BEG)net WwodiheG ach N6l &dolutional or turbo

é:o'}iti:?él eavi ng and channel codi ng, such as convol udonal
ur bo codi ng | 0073| General ly, video conpression

?‘2'{]732. d ﬁ)r ndag %élpn t he, source Vvi deo, and i ncrease

mou e S - P PR eSS FR0dTSTP 8% SRRy i figesource video
andedresidde aahat off hifsy t}ﬁ»‘iﬂﬁml JAGH @B Calc A Bid SNBE bodkd v tdeo data. This
%ga 8?% vvhen even a S{{a ort| on of the coded vide

5 se B AMPAFt 1 dypa ‘érfﬁ%?*hF"‘ﬁ?%éP?‘é‘t‘ PSHIGplehe ﬁpd%wdw is lost.
Y@ DaORRIRES RAL SIS BB R & AL &%ﬁﬁt%qéz&?s Pe%?% t[a:ﬂ\daqgrwate the
can cause errors to propagate, resulting i1 n Vvisi

1958 P9I CaUuse CHETY OB ARG retiiting in visible artifacts in the reconstructed

video. Error resilience algorithms at the video encader and error recovery algorithms at

the video decoder can enbance the error robustness of the video compression systen.

{0074} Generally, the video compression system is agnostic to the usndedying
network., However, in emor prone networks, integrating or aligning error protection
algorithms in the application layer with FEC and channel coding in the link/physical
layers is highly desirable and can facilitate efficiency in enhancing error performance of
the overall system. MediaFLO™ is one example of a wireless video communication
system where this type of integration or aligning is possible.

{0075}  Therefore, certain embodiments of this disclosure can be implemented, for



video. Error resilience algorithnms at the video

encoder and error recovery algorithns at the video
wdececrdssoocan enhance the error robustness of tRETAISH®O/060794

conpression system |0074| Generally, the video

conpression systemis agnostic to the underlying

networ k. However, in error prone networks, integrating

or aligning error protection algorithms i the

application layer wth FEC and channel coding in th

| i nk/ physical layers is highl y2ldesirabl e and can

facilitate efficiency in enhancing error perfornmance
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rmance i n ese” aspec
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ces FLO,envi r.onne C be
RGO EE BT rasks e R vt P MRk G, AR pipertiame can
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tine Vi Si on rru tl exe S, 1.Ga
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Aicdre sl \bﬁhzywhr&mzhw& vk ;»,c%aldem ol Filpe, Sé%ﬁﬁé\faﬁuaﬂﬁhﬁzaﬂxmm FLO
correspond to one unit of time (e.q. sec.) adt

hu
rAneH Aenleuratiwrer (cof. FIRDG sapebape, 3@1"§1L41*¢1L@)ff3f‘?aﬁé’s‘ied number of
FEH f}aﬁ&%ﬁﬁiﬁs@g fe R4 mﬂﬁ?Ch of these definitions

can, and ITke , Change for other error prone

gonf | WK LYBRES, fh?%gn@&e@i i &xﬂ%ﬂz‘xﬁi&%yri@r ek@nﬁl%t WL King stice and AU

guratl ons super rame m gnht
boiodepey wt BL.Q frage cmdma trpfheRin® Heomascanagasitinets rofst eflicient

A _ _ [ r &
LT E8 5 of ST it BRSS! i o e, oo
thowodagies fhd: FiOit rdiBMbapndard maiiﬂ affeatett |b|sremd)mrﬁitm due to time
&%Qm{ﬁ? SH}et reh}r}ihging ’Irﬁ)s’étt ca%fﬁtfﬁeg k}a\ne a high probability of being intact. Hence
the uncorsupted data may be uiilized to recover and conceal the lost data from the

affected TDM capsuie,

{0078} Similar logic applies to frequency domain multiplexing (FDM), where
frequency diversity is attained through separation of the frequency sub-carriers that the
data symbols modulate. Similar logic can also apply to spatial diversity (e.g.. through
separation in transmitter and receiver antennas), as well as other forms of diversity often

applied in wireless networks {and other error prone networks).

{0079} In order to align slices and AU to FLO frames, the outer code (FEC) code



separation and |l ocalization of corrupted data. For

exanpl e, during a deep fade, nost of the contiguous
woéadw/odsmwa m a TDM capsul e i s usual |y affect edPby/US2007/060794

errors. But due to lime diversity, the remaining TD Vi

capsul es have a high probability of being intact Hence

the inctorrupted data may be utilized to recover and

conceal the lost data fromthe affected TDM capsul e.

| 007S| Similar iogic applies tg,frequency domain

mul ti plexing (FDM, where freqUEncy diversity is

attai ned through separation of the frequency
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2 dtit Py the erhead idyettRevpliiplaliaes as nof a tlarge Rt @Lﬁportmn of the
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more frequent resvnchronization and more efficient spatial exror concealment. Also, I-
frames usually carry the most important information in the video bitstremm since P and B
frames are ultimately predicted off of I-frames, Iframes can also serve as random ACCESS

points for channel acquisition.

{0082} Hengce, in certain embodiments, careful alignment of the I-frames to the FLO
frame boundaries, and the slices with an AU to FLO frame boundaries as well, can
enable efficient error control, error protection {since if one slice that belonged to FLO

Frame 1 is lost, slices that belong to FLO frame 2 are intact with a hi gh probability since



multiple slices or parts of multiple slices, the error
woul d inpact all slices or portions of slices in the
woekmn7/088801] Since -frnes are usually |arger POaWSEI0GN060794

B-franes, typically on the order of 10s of kilobits,

the overhead due to nultiple slices is not a |arge

proportion of the total -franme si e or total bitrate.
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arrive i n
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#2084 in the reference frame (or more than one reference frame) and a distostion
measure such as SAD (l.e., sum of absolute differences between pixels of the block to be
coded and those of the predictor block) can be used to identify the best match. Of
course, other distortions measures can be used and are meant to be incorporated within

the scope of this application.

0087} The predictive coded region of the current frame may be a block of pixels of
varving size and shape {e.g., 16x16, 32x32, 8x4, 2x2, et} or a group of pixels identified
as an object through, for example, segmentation. Temporal prediciion typically extends
over many frames (e.g., 10 o 100 frames) and is terminated when a frame is coded as I
frame. In this example, the I-frame frequency defines a group of pictures (GOP). For

maximum coding efficiency, a GOP is a scene {iL.e., GOP boundaries are aligned with



wi t hout any tenporal prediction. However, spatia

prediction is possible within a slice <i .e - spatia
weonrediossioon is normally restricted across sl i CBCT/US2007/060794

boundaries) Inter-frames are tenporally prediction off

of past and sonmetines future (in case of B-franes). [O

8 this system the best predictor mght be identified

through a search process in the reference frame (or

nore than one reference frane) and a distortion
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bet ween pi xels of the block to be coded and those of
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sensitivity of intra-code 15 to errors goes
obthsitraeaus those bigcloodpt srathiate eopreaimh@n chpied eigngdnesPx in FIG. 12).
that its "inportance" is higher. Additionally,

iiA89H- codlebertain embodiments, prediction hierarchy may be created for video

sequences irrespective of content fype {(e.g., such as music and sports as well, and not
just news) and can be applicable to prediction based video {and andio, and data, etc.)
compression in general {f.e., this can apply to afl the aspects described in this

application).

{0092} Once the prediction hierarchy is established, error resilience algorithms such

as adaptive intra refresh {AIR), for example, may be applied more effectively.

j0093] According to an aspect, algorithms can estimate the importance measure

based on the number of times a block is used as a predictor, which can be referred to as



bl ock. 1215. by virtue of this chain of tenporal
predictions called its prediction chain, persists

woOamgmssiom t he display (i.e., potentially for PO®US2007/060794
duration of an entire scene). |0 O | In certain
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M§Qﬁ9k§%ﬂgﬁﬁgﬁ§ $pchg§$§ctlve of content type (e,g.

as nus s a well, and not just nevvs)

W Spatpye %?a‘%f%q ARr 40 Al 4R P oo possbte

atangiapp bgmdmdaal |Qitﬁh€v aaﬂ‘amtamtﬂm&ﬁr\m tip pek«m gigddlite-n oise ratio (PSNR)

g%}fﬁa‘éﬁg@mé{"?c “r&r%’?“ﬁr?’ ’(?Z" g‘l%g‘g":n%til o b&}%&&gﬂé’ e quantization
pzdamm}/ f@QP? of @si'a%“@ hzs%gégysiéaﬁd &) wegjspfraﬁﬁ'm}ﬁeﬁﬁm@@y appkited bandwidth,

nore erreclti vely. ordl n Q an . aspect
R pibiRizalan %Céﬁwfveilf awa'r fesidal e dilmade andgp of ail these

@\Qcﬁﬁﬁmﬁ&mb%wé\fert | BRen a clbeek br*&%kb‘zﬁe%r@&r@nw capabililies, it is
predictor, which can be referred to asthe persistence

mathematicath ntpetabile fe foethifetiobel PRUIBIRG s biwtaad, & practical coding
k%ﬁ}%vﬁteﬁ%% {clagaxﬁﬁé\} ﬁﬂ&d/ 1&?—@&&%% '(ﬁg{)f’ hediigh! 'f&ngxe current frame

error can al'so 1 ncreases
biedeatiho mcﬁaﬂmch@ bﬁe@cdxrshwmhderﬁ @mw i Fheeetoeen e joint optiniization

{3:%%%1;3 ;s%&@ad% t‘l &g&ag %?{nﬁ&faﬁgn ék%? g«?rﬁufg%o cgrtaz 0 enthodintents,

I'eve a quali

t i a % 1e§1¥e xax O t e\{'g! H)% O V\glr% mB .un ortant than other
fogi o SO gk, G

-to-rtorse ratl he “enco
(nacsg)blocai; En pessicbicdon ra:hm&x ﬁndetmlﬁé s Chvepre):d I’iﬁ!jdch enight dupiscate

B 400 AT, 3SR e s i

o ba;lcc@i@t do¥liZadtiy Qﬁp@@&ﬁ&e ANUSlcuess tthey peisihpEe i@’ a motion
of all ese nacrohl ocks. However

of the npde a
F<ient ﬁﬁﬁ‘@ﬁ&%ftacgbw%bf BroteRerri ehipeis 3 pqveged wk"mvnd will

h&t bREBRABE G2l fiXudeNihasd aly @n&r@ gt i1 %iugﬂ;ﬁb@&n not affect future
optim zation. I'nstead, a practical coding sc

feweimpts to achieve a good rate-distortion (li-D)
deci sion for the current frame based o the

ABRWst r Do petpipravhaimrytsehdogass plapsdhm TRedatprgiae the prediction
£l JaRl ?‘\ %rbr@irzrﬁ? EQRe QBQQE Sghentl\ dUE Rl %ﬁ:&ﬁé@@l is described

opti m zation ' em according to certain enbodi nents.

herein. A b'mdmcitiw map value for a MB may be defined as the estimated complexity
for the map which is then used to determine the number or proportion of bits to allocate
during rate control for optimal quality in R-D terms. This process might be illustrated as

{see FIG. 13}
1. Pass one. Initialize a pixel-level reference counter 1310 R, /) = 0, where 0 37 <
W, 0 <)< H, Wis the widih of a frame, and # is the height of a frame,
2. Perform 16x16 motion estimation of the next frame 1320 referring 1o the cusrent

frame. Whenever a pixel at location {7, j) in the current frame is referenced,

increment R, /) by one.



| 0095| 1" a reference frame, sone mnaerobi oeks are nore
i nportant than other raacroblocks in the prediction
wohei7rssdor exanpl e, a foreground object m ght PCT/US2007/060794
duplicate itself in sonme future frames (i.e., still
within the range of nmultiple reference franmes). If
this object is accurately represented, all its clones
may be sinply coded as a notion vector, thus saving
bits. In contrast, a disappearing object or a .
covered background will not bé%eferenced by future
franmes any nore, thus its quality will not affect
utureg, fr . A i 1}, & BROGCH t st Frame 133

o poss AEE el el BaGBHEL hRTIRA HERL5E R ogrront rame 1330
and pHor aonecrsblgoik flocant et (0 hevef sbuantitsybsralvddbnoep value by
raacrobl gcks. i s,.descri bed herein. A bandw dth map .
val ueq”o%@ %nﬁi@e vlefe (e dF A congaristo] btpgiigrmined by experiment.
complexity for the map which is then used to determ ne
t he nlmb@netéiﬂgpﬁ?@pbmdp\’@ﬁﬁbﬁlaﬁi vajug gagsasowate bifartonke allocated to
rate opt.i L LEY. | AP RNl Ty By e
pr oce%gg{%%%%\ 4 géati %ugﬂda? g’giléaté%(g%é I-ﬁl‘:'?lg‘e;‘\ ﬁ{log:? :iti%p%?g\gfsh - future
0 e | fiatvicakicgeedicpidxdl of thessshagmeblecisice counter 1310
R(Kj) ~ Owhere 0 </ <WO0 <j <.H Ws the width of a
#r ame Enemtt the ctinent einght 3 49 wiah theamelsted mRuoblocihbagididih map.
notion estinmation of the next franme 1320 referring to
{0097 ur r Brghofikdabe novtlethe gre agpiittet natkel doabitomeain mgre robust to

. H 1 N
050 b ARl LSRR PSR e oo s i
PEBINRAS dL R U TR Hat bidmeerkBionkdta Rediivotiahe kerests propagation of
ér%_ i%%’igg eﬁa%f‘é E(@?ﬁé\é}\ﬁgg g‘%gﬁé&ﬁh’t gfl%%gg%gtggpﬁinﬁﬁeéé%&emg Yefreshed by
BXRJIRNbaribNGf TRRE kNG %ﬁeeﬁm&d%&t ProfRR:tNal e good predictor is
causes nore bits to be allocated to macrobl ocks that
BBCHYSY $FEdi ctors (i.e. many nore future MBs in
future frames are predicted of? of these roacrobl ooks)}Q .
JO098] c o d Acenreinguprrerrin eabretimen. drbarneheviigyipeg (CSE) is defined

: (‘%h}ﬁ e, lieQaf?Qﬁi %s@l}g@ Re ﬁi%&k&.éﬂap%&%ﬂa%}h@caﬂ%@?{(\) a broadcast

that the algorithm makes the biistream nore robus

ghann & denorsossyofefiphitaing frgtorabeois! celngisitivat angy gnss fast channel
G BE RIS b33 ARGARURRERI L5 58 rsaning on
GRF esh depivopdgatheamnohogy ediigted . B ritapent (dydicsgon Nos. 11/527,306,
%} Irodsu%%)ac%g nggt))an dldfl_léé?% lﬁXéd 99 %gptp Egdi(ﬁ)t()? 63t Svhich are fully
incorporated herein by reference for all purposes. An I-frame or a progressive l-frame,
such as the progressive decoder refresh frame in H.264, typically serves as a random
access point for channel switching However, frequent I-frames {e.g., short GOPs, at
least, shorter thap scene durations) can result in a significant reduction in compression

efficiency.

{00994 Since intra coding blocks may be required for error resilience, random
access and error resitience may be effectively combined through prediction hierarchy to
improve coding efficiency while increasing robustness to errors. This combination can
be achieved based at least in part on the following chservations:

A, For low motion sequences, prediction chains gre long and a significant portion of

the information required 1o reconstruct a superframe or scene is contained n the



intra coding earlier than later thus preventing error
propagation if a good predictor is inpacted by error,
wO@®ssebecordi ng to certain enbodi ments, a chaamais2007/060794

switch frame (CSF) is defined as a random access frane
inserted at various (e.g., appropriate) locations in a
broadcast stream for the purpose of facilitating

faster channel acquisition and thus fast channe

change between streans in a brgﬁdcast mul ti pl ex.

Exenpl ary specifics regardi ng dne CSF can be found in

t he commonl y-assigned U S. Patent Application Nos. .1

17527, 13%6me Hidk 86 2R IFE Blo stdDof #QBeneand 11/ 528, 303,
filed on Sept. 26, 2006, both of which are fully

ImCOor AHALE S bdl RYbd BhSHENGEWhOS adhllc PYLPPIRS FPMand channel
-frame or progressive -frarae, such as the i
pr ogr €§8ingdalcbeieds beasprresidugiramns thay cppgelmentyipical | y
serves as a random access point for channel swtching.
Howev rhis iy pejtieniarly -sepergeier (fewgnotigh Grd BaRs, foat bit rate) sequences
| east g 504k c SCEeHYEat] ; _ 0. erres
ani 11 Gt e oD PRRACIELTERLERBARAN, &RBUh o pBef sood dme
Si nce divarsity nodimghebtidek bitnnganband éguiusedhdsorarehighly compressible
resilignce. random,access .an rror resilience may be .
o t ectEaGmyet SRR BR3S AN PeaRiee BRomp T Py ion.
Ifgpr ove ' efficiency while increasing robustness .
08T e el 6, sl B k™ LR 0 "B AERGRS o content -
| east morpakty fdrhetibokd evdrpgraglisiecrmaidsahs huberrdll cdd@intra blocks
ot i on,s%g,ue)nc S, gge I =t~i~§§>19ha' ns are ] on and.aI
i gr | REAPTCBEP I eCPRPIS ARGPRER IS eRoG s disgently
rLeconstruct a supericra r scene is cantained i . .
Phed- FISBREVE HAFFaRke CalKt F4760 som rsrohdicambs, aghioves high
Channglerferh@i foeNAgh tndiRmDI Y@ N ARG ormhah 8 @mprovement is not
strikes aigg FEC and channel coding fail there is heavy
r esi dEHPRTRSFOTHRNIMAERCEAPSHSES fails. C This Js
articularly severe for |ow .notion (and hence |ow bit .
at e) t‘_ﬁ@aa arfbasned piieh frgeamstinting mesbabtheddrane & megeod source of
Si gni i€ty §BPUYSH [R4PRON BN GROAVhE BBl Silides a superframe,
wi thin the video bifstreamand because these are '
hi ghl yeewhipe és sioprassaiveritese shas framdey €SEvehighbieovers the fost
al |t Beroill ol BROGLAMicE Q. 1THES 9{}0{ FG L 00y sQ&gﬁige%?&; t he

noti on sequences are nore robus 0O érrors

RAL UT §, Qfic EQRIEMion rdIBEE sBEWALE] QB ITBEEQD kiR OWEN Xotes ¢ sist i

frame increases the nun‘Ec_ar&‘LcY))é{l cégfc;ad Intr é‘ ‘Eqﬁsg%ﬁsxﬁ%ﬁi gﬁt persist in

are i ﬁ‘&mmmy.edéb@‘tstdbmearawom@ﬁctesi. Alleathet agions of the CSF

error JMEHEN lbe coded since these are blocks that have short prediction chaiss,
which imply that they are terminated with intra blocks, Hence CSF still serves to

recover from lost information due to prediction when an error strikes.
H Based on () and () above:

H.1.  CS8Fs for low motion sequences are on par with the size of I-frames — they

may be coded at a lower bit rate through heavier quantization, and



E. Adaptive iatra-refresh (AIR), based on prediction

hi erarchy achi eves hi gh performance for high notion
weeoqr@mssms and perfornmance i nprovenent i s not. PCT/US2007/060794

significant for | ow notion sequences. F. Hence a

channel switch frame containing nost of the 3-frane is

a good source of diversity for |ow notion sequences.

When a error strikes a superfranme, decoding in the

consecutive franme starts o the CSF which recovers the

| ost informa on due to predict%%n. Thus error

resilience is achieved. G In the case of high notion

sequences, gt Hhish Mo Rq@inchl %lﬁﬁu&h%ﬁai&‘?gﬁi ekBresponding
the superframe, i1.6.. those that are good predictors.

AU ot her r &dtwoms. of the CSF do not have to be coded

since these are bl ocks that have short prediction

dhai nScalabilich tp nypippottHaerardhesal aneduletion matmdgsinkt layver technologies
intra,_ . n - Il l.senves to recover.from. . .
ost  TardErereoRO el o e PRIBRRbR R Bine b8%idtn ratios
st ri k&8esd-hre Bas dovag p ief jled makidsgr afsibuel schlability G8ks ohverhead).

| ow noti on sequences are on par with the size of

- f r aFe®, tiheexamylcbenlgpdagias 2aakansraldhiiter aith 1 hriaughidih ratio.
heavi uantization,, andH. 2. Bs, for high mation . .. . .
cequelieatt BPutfiie Sies PSP eray s, ot elghdipn g not efficiont for
-f (rjalrmhy motiSE afbabitk) ¥qle@cSUPRY bald eh@fChhGabing all header and
nmodul ation in

n physjical Il ayer technol ogi es requires ) s
data PHE4eH %ﬁ%ﬁéﬂ&fi It g s e eabTsRmon e plpravep since CSFs
bandwigh faw Akties sedtBSS A Qaf?@!t, RWMBY RickReinl #8 %%iﬁiging bandwidth

y

ratios for optimal scal abili (easj_overhead).

for xifwopitipncaeriirey. Mepayeioswallenre besedwn pregiction hierarchy
bandwi,d £y 4,af 'x&qtﬁ RPN t? akd & Hgg\% Igg}c‘ééﬁ{g %‘8@?&({ i AN R eved.

2-layers of equal size is not ow noti on

R al By SEAHANGES: sckliEpRS i &Y€ 1oy ARALA! QB Riformation that dat
header h‘n‘d‘ nmet adat Ze {&n?Lor ’n;atelk‘ons isg‘ ‘ érrger }tg Egéniﬂltf%lé}mmn that data
enhangpemgivniteaipelr i mHovievaahisved moth ©8Reast overhomd. ibtreover, CSFs for
seque S r ger, h figd ni.cely 1 the.remini :
ban dwg&dﬁ%\wsel%%.gn%e%ecgg rﬁ%antﬁ%ﬁgy nﬁ?ﬁqr.aﬁ;fézﬁs., %Hé"ﬁ & .s%é?,nrcg?:asecpga prediction
resi | hengehbpasedodnwpll editcdchiabiiity dsahizhypsewy wslivel |

with scalability and a highly efficient |ayered coding

s acHxandthg He cbocep dikcuyedd an(a® dguegic 89, fot hederaismotion clips is
sufficient residual informtion.that data partjtjoning.
Co. P BiiRry B 05 rerRBoneds iHegk el hich JEHES it casy to
CSFs t@f that the proposed concepts apply for video coding in general.

{00100] The above system is merely illustative of an sxample of a multimedia
streaming system where input to the system is a continucus (still discrete time events,

but never ending) stream of data and output to the system is a continuous stream of data.

{00101]  Those of ordinary skill in the art would understand that information and
signals may be represented nsing any of a variety of different technologies and
techniques. For example, dats, instructions, commands, information, signals, bits,
symbols, and chips that may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves, magnetic fields or particles,

oplical fields or particles, or any combination thereof,

{00102] Those of ordinary skill would further appreciate that the various illusirative

logical blocks, moedules, and algorithm steps described in connection with the examples



such seqgxi ences can be nuch smaller. Thus, error
resilience based on prediction hierarchy can work wel |l
weizodr/ssmbabi ity for this case as well. L. ExPenaiSzg7/060794
the concepts discussed in (a) through (k) for noderate
notion clips i s possible based on the descriptions of
these al gorithns, which nmakes it easy to see that die
proposed concepts apply for video coding in general .

100100] The above systemis msrel y illustrative of a
exanple of a multinedi a st ream™ ng system where input
to the systemis continuous (still discrete tine

ﬁ&[ﬁeﬁ helih ;&‘%"ﬁ*mﬁ:ﬁ@h&%& 8¢ bieareRf hglat@ma P QUP %n;p%m

e systemls”a continuous stream of data. fbb O Those
wadum@dw@m Inkictasotitieor grmbinsdions thesrstsTaaigatndusirate this

ﬂraga\:nigééb?{]t‘} ao'}?xaff %@laﬁd Q:% {, LS TG gv? ﬁﬁ?’%‘é"’g .bleak.m

eren ebhho gles an
hodulex a:npbm adds@ps hipst bmtdemréqed@bnmgd&mﬂy in ’{ﬁl‘mb of their

haso B e fede Rsdondin W HetapsolasSarRRee Shtoayere

&ﬁ)eﬁ&@x&lﬁﬁﬁ% egriioMlay @Mw@ﬁaﬁ agd ﬁtﬁﬁzﬁ SonselaRas m;bmgn @h ItEe overall
netlcflelds or tlcal field

fﬁr'grem ciﬂxgie aé’g&sagﬁg,zqqyotﬁmlﬁg@xﬁa g gﬁs&pggq xQL 1&30115612] name&rgw ways for

Sloh el gk %pﬁi’i‘é‘%ﬁkm%' stlof Uk ;%i@ﬁ}%m%ﬁ B @etidbas Salid hbebe interpreted
various illustrative |ogica | ocks, nodul es, and

3 GorRERReptays THm 56@@3 phtheshsrioed sretimdsh t he
exanpl esdi scl osed herein_y be inplenmented as
PO oniThe wenaidHastative ﬁ%ﬁ?‘@ blodksprpnarongpisy mgdples. and cireuits

@s@g ?&’ﬁrﬁm&%o&‘ﬂg e kb %%E?ﬁ%%s‘eg ﬁ@;eﬁtpﬁ{aggeum ?emented or

clear ustrate t I's 1n )angeabl
amﬂarwﬂtwv&r e gencanlipompose|progsssaat § deitebyipan @m@@ssmliﬁ’&’i an

é}%%}%ﬁt} %Pw%a 18&'&’3&(} 9?&13?&# e)WVa gcig p‘f‘?rg‘m%\}%\éﬁ? %}tn giﬁ"g}ﬁ (FPGA)

uncti onal
6mhtn @ogladayatils ktgnqalim dedhrae gathar dmmauo}og\m déscrete hardware

depends. upon the ,particul ar .applicatio

SRS TRt Bey: B R 2or FEPere e pettofin fegli s descrived
Mféﬂ'ns &&Serx@ﬂx}’ pliffobe pRitbssohMagd eeer fh&&&brf;m&ht Bigihi thy afternative, the
vary ways for each ﬁal‘tl cul ar 'pl i cation but_such

Pfi?pﬁbéﬁ’éﬁ‘?& PERY QRRYRIEAY MERGFIFY> FOT bt iTRCERRRERLS. gestate

£EHRLAG %r&%%f h&asrqn {d i 1emeeen s RhofbRiadba oF esQfuting devices,
net hods. he various illustrative | ogical

w@@l@@mb@mﬁmﬂé ﬁﬂ%&? ARSHE PETOPERTESSOF-ricRiP Rkt eE ey pRRIgC pFOTS, one
8}%81%015 1 gbdr%és%gs &p{gﬁa {fSw il §@S§5§&e REARITE JIRY, oP&ny other
or wth a general

["'ement pur pose
mﬁb@@ségﬂ@raﬁandl gital signal processor (DSP). an
application specific integrated circuit (ASIC, a
fPe10f] pr dhe aenabf emgtiod arralgoritdimpEaibed in connection with the

examples disclosed herein may be embodied directly in hardware, in a sofiware module
exeputed by a processor, or in a combination of the two. A software module may reside
in RAM menory, fiash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable digk, a CD-ROM, an optical storage medium, or any
other form of storage mediwm known in the art. An example storage medium is coupled
to the processor snch that the processor can read information from, and write
information to, the storage medium. In the altemative, the storage medium may be
integral to the processor. The processor and the storage medivn may reside in an

Application Specific Integrated Circuit {ASIC). The ASIC may reside in a wireless



or other programmble |ogic device. discrete gate or

transistor | ogic, discrete hardware conponents, or any
woandiosswd on t her eof designed to performthe fBATHISZNSG/060794

descri bed herein. A general purpose processor nmay be a

m croprocessor, but in the alternative, the processor

may be any conventional processor, controller,

m crocontroller, or state machi ne. A processor my

al so be inplenented a a co bination of conputing

devi ces, e.g., a conbination éf a DSP and a

m croprocessor, a plurality of mcroprocessors, one or
11&%?%1 Th S PRESLARROGS Ijla'r&bgﬁﬂjaﬂ@ G QBra0b Bﬂdﬁlm 6(}@&%, Q€ discrete

core, or any’ other such cont I guration.

cthpostwpin Uk weirdhetshoetioor. al gori t hm descri bed

connection with the exanpl es disclosed herein nay be

el oslf edildi precibly désaribaoaniite, dischosad sedihpas & Frodidked (o enable any

T N MW LI LN A p—

Virash :imnﬁ&umﬁ@/imwﬁmp;mmw dpmmmkmm in the

regi sters, a_ renoyabl e dis

A5t PR 16 RIS gﬁed%a%ﬁf%wa M i %P?ﬁ%\ﬁ* %rdggé‘dd“wnﬂ

JRLEHN P died he art. An exanpl e storage nediumis

coupl ed to the processor such that the processor can

{®Aads] NfokBidMbab amp@ﬁ&uw&o buﬁorhﬁ&%ﬁﬁ&iﬂ;&@nﬁ @cbBigg of

storage medium In the alternative e storage medi um

relyiniseid date graviding fatrstipratdaseding qrRAktYFREcEis Gpneeatment have
e mediummay reside in an Application

t%%gg??(ﬁq{:%?ntegrated Circuit (ASLC). The ASIC nay

reside in a wirelessnodem In the alternative, the

processor and the storage nmedi um may reside as

di screte conponents in the wireless nodem fO .105]

The previous description of the disclosed exanples is

provi ded to enabl e any person of ordinary skill in the

art to make or use the disclosed nethods and

apparatus. Various nodifications tot se exanples wll

be readily apparent to those skilled in the art, and

the principles defined herein nmay be applied to other

exanpl es and additional elenents may be added. 00106]

Thus, nethods and apparatus to perform highly

ef ficient encoding of multinedia data providing for

efficient decoding quality and error conceal nent have

been described. 3.1 CLAI M5



VWHAT IS CLAMED I'S: 1. A nethod of processing

mul timedi a data, including plurality of video franes,
woheo7rmssdood conprising; initializing a pixel-| e¢elus2007/060794

reference counter for a current frame; performng a

prediction of a next frame referring to the current

frame; and readjusting a macrobl ock bandwi dth ap of

the current ame 2. The nmethod of claim1, wre n the

pi xel -l evel reference counter jis indexed to a width d

a heics?h' t of the current fridme. 3. The nmethod of

claim2, wherein the pixel-level reference counter is

provi ded by a first equati ops <)) Owhere 0 </ <

W 0 < <Hthe width of thg‘*é"?&}%m frame, and i/is

e af .current frame. 4. The nethod of

&Nﬁ%&%%égfﬁm&dg%.he predi ction of the next frame

i ncl udes performng notion estimation for bl ocks of

§he naxt el MR prodessiBE niBiHA s Ghiallidl@ide a ng';%}ﬂ?‘ lof video frames,

including: 1ncrementihg the pixel-level Teference

teunttbrd bompasol: pi xel of the current frane that is

referenced. .during,t .Gl ] fe wfLame. 6.

The. mtadrioy Rerit® PEhE LR nd DEPEIIATE 0

map f @erfolveingur predictidn afenég freadjcbstied thtwasttant framstand

in part on the increnented reference counter. 7. The

ot hod PR OB G PRI GRS Bl 6 AP EBIBEK

(x,y), readjusting the macrobl ock bandw dth map of the

gur r efMhefmahe! bhabinddswhaaln thg pbahiiwicltdienrnge eaintie $s ioflexed to a

t he, maer qbi gck .handw d map according to a second
é"d%&t‘ﬁ“gﬁ‘a‘“-‘%%ffB}%“‘W&%gﬁ‘ﬂ% is a constant deternined

by experinent, and RziJ) is the pixel-level reference
sount dhefrasthdhef d6ixd 8, wharmbhe pkeel-kevy) referefitrecirmtdndsiprovided by

of. claim 1, farther including.repeatjng.the st - Qf -
2l A BRSBTS D, SRR B e
b ahd £ds Bholiaditlof tef cpaxt thianes referring to the
current frame. 9. The nmethod of claim8, further

4" c! ud{lh%%eetggé) g% &gin% 3,e wheteint 1te pfrgd‘?g}aonbn%gg 08 frame includes

performing motion estimation for blocks of the pext frame.

3. The metbod of claim 1, further including:
incrementing the pixel-level reference counter for each pixel of the curent

frame that is referenced during the prediction of the next frame.

a. The method of claim 5, whersin the macroblock bandwidth map for the cusrent
frame is readjusted based at least in part on the incremented pixel-level reference

counter,

7. The method of claim 6, wherein, for 16x16 macroblock (x,¥), readjusting the
macroblock bandwidth map of the courrent frame includes scaling bandwidth map values

of the macroblock bandwidth map according 1o a sgcond equation,
. S AL T e ey . X . . . ne sy s
CH }:j..}.. R, 7). wherein C is a constant defermined by experiment, and R¥,j} is

the pixel-fevel reference counter for the 16x16 macroblock {x.y).



| east in part on the readjusted macrobi ock bandw dt h
map of the current frane. 10. A processor, for
wonrow@ssiong nul ti nmedi a data including a plural PCY/US2007/060794
video franmes, being configured to: initialise a
pi xel -1 evel reference counter for a current frane;
performa prediction of next frame referring to the
current frame; and readjust a macrobi ock bandwi dth nap
of the current frane. i 1. The processor of claim 10.
wherein the pixel-level referédce counter is indexed
to a wdth and a. height of the current frame. 12. The
processor of claimll, wherein the pixel-I|evel
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mul ti media data, including a plurality of video

13. The processor of claim 12, wherein the prediction of the next frame includes a

motion estimation prediction for blocks of the next frame.

4. The processor of claim 19, further configured to:
increment the pixel-level reference counter for each pixel of the current frame

that is referenced during the prediction of the next frame.

15.  The processor of claim 14, further configured to readjust the macroblock
bandwidth map for the current frame based at least in part on the incremented pixel~

level reference counter.,



frames, the apparatus conprising: a initializer for

initializing a pixel-level reference counter for
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of a next frame referring to the current frame; nd a

readjuster for readjusting a nmacrob ock bandw dth map

of the current frame. 20. The apparatus of claiml

wherein the pixel-level reference counter is indexed

to a wdth and a height of the current frane. 2 L The

apparatus of clai m 20, wher ei §3t he pi xel -1 evel

reference counter is provided by a first equation,
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20. The apparatus of claim 19, wherein the pixel-level reference counter is indexed

to a width and a height of the current frame.

21.  The apparatus of claim 20, wherein the pixel-level reference counter is provided
by a first equation, R(Z, /3= 0, where 0 £ < W, 0 < j < H, W is the width of the current

frame, and # is the height of the current frame.

22.  The apparatus of claim 21, wherein the performer prediction of the next frame

includes a motion estimation prediction for blocks of the next frame.

23, The apparatus of claim 19, further comprising:
an incrementer for incrementing the pixel-level reference counter for each pixel
of the current frame that is referenced during the prediction of the next

frame.



frame. 28. An apparatus for processing nultinmedia
data, including a plurality of video franes, the
wappErases conpri sing-. means for initializi ngPar/us2007/060794
pi xel -1 evel reference counter for a current frane;
means for performng a prediction of a et frane
referring to the current frane; and neans for
readj usti ng a maer obl oek bandwi dth nmap of the current
frame. 29. The apparatus of claim 28, wherein the
pi xel -1 evel reference counter s indexed to a w dth
and a height of the current frame. 30. The apparat us
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28. An apparatus for processing multimedia data, including a plurality of video
frames, the apparatus comprising:
means for initializing a pixel-level reference counter for a current frame;
means for performing a prediction of a next frame refersing to the current frame;
and

means for readjusting a macroblock bandwidth map of the current frame.

29. The apparatus of claim 28, wherein the pixel-level reference counter is indexed

10 a width and a height of the cusrent frame,

30. The apparatus of claim 29, wherein the pixel-level reference counter is provided
by a first equation, R, /)= 0, where 0 7 < I, 0 £j < H, Fis the width of the current

frame, and H'is the height of the cuwrrent frame.

31 The apparatus of claim 30, wherein the means for prediction of the next frame

includes means for performing motion estimation for blocks of the next frame,



frame. 28. An apparatus for processing nultinmedia

data, including a plurality of video franes, the
wappErases conpri sing-. means for initializi ngPar/us2007/060794
pi xel -1 evel reference counter for a current frane;

nmeans for performng a prediction of next frane

referring to the current frane; and neans for

readj usting a macrobl ock bandwi dth map of t current

franme. 29. The apparatus of claim 28, wherein the

pi xel -1 evel reference counter3#s indexed to a width

and a heicmt of the current frane. 30. The apparatus
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28. An apparatus for processing mulitmedia data, including a plurabity of video
frames, the apparatus comprising:
means for initializing a pixel-level reference counter for a current frame;
means for performing a prediction of a next frame refersing to the current frame;
and

means for readjusting a macroblock bandwidth map of the current frame.

29. The apparatus of claim 28, wherein the pixel-level reference counter iz indexed

to 2 width and a height of the current frame.

30 The apparatus of claint 29, wherein the pixel-level reference counter is provided
by a first equation, R{, /3= 0, where 0 <7 < I, 0 £/ < H, Fis the width of the curvent

frame, and H is the height of the cwrrent frame.

31 The apparatus of claim 30, wherein the means for prediction of the next frame

inctudes means for performing motion estimation for blocks of the next frame,



referring to the current frame. 36. The apparatus of

claim 35, further including neans for encoding the
wouoe7@ss00br ane based t | east in part on. the readjussioedco794

macr obl ock bandwi dth map of the current frame. 37. A

machi ne readabl nedium for processing nmultinedi a data

including a plurality of video franes, conprising

i nstructions that upon execution cause a machine to:

initialize a pixel-level reference counter for a

current frame; performa predi®tion of a next frane

referrlng to the current frane; and readjust a
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second equation, Ct - .. { >), wherein Cis a

%‘g.nSt ai%te apparatus of claim 35, further including means for encoding the curvent
frame based at least in part on the readjusted macroblock bandwidth map of the current

frame.
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37, A machine readable medican, for processing mullimedia data including a

pluraiity of video frames. comprising instructions that upon execution cause a machine

[{¢N
initialize a pixel-evel reference counter for a current frame;
perform a prediction of @ next frame referring to the current frame; and
readjust a macroblock bandwidth map of the current frame.

38, The machine readable medium of claim 37, wherein the pixel-evel reference

counter is indexed to & widih and a height of the current frame.



determ ned by experinment, and R(iJ) is the pixel-I|evel
reference counter for the 16x16 macrobl ock (c,y). 44.
woheo7esiod ne readabl e medi um of claim 37, furtPRer/Us2007/060794
conprising instructions that upon executing cause the
machine to repeat the functions of initialize, perform
and readjust for each next frame in a plurality of
next frames referring to the current franme. 45. The
machi ne readabl e medi um of claim44 further conprising
i nstructions that upon executPfg cause the machine to
encode the current frane based at least in. part o the
readj ust ed nacrobl ock bandw dth map of the current

'.%Sr).ane’fha machine readable medium of claim 38, wherein the pixel-fevel reference
counter is provided by a first equation, R(Z, /)= 0, where 0 i< W, 0 < j <H, Wis the

width of the current frame, and # is the height of the current frame.

40.  The machine resdable mediwm of claim 39, further comprising instructions that
upon executing cavse the machine to perform a motion estimation prediction for blocks

of the next frame.

41.  The machine readable medium of claim 37, further comprising instructions that
upon executing cause the machine o:
increment the pinel-level reference counter for each pixel of the current frame

that is referenced during the prediction of the next frame.

42, The machine readable medium of claim 41, further comprising insiructions that
upon exscuting cause the machine to readjust the macroblock bandwidth map for the

current frame based at feast in part on the incremented pixel-level reference counter.

43.  Themachine readable medisn of claim 42, further configured to, for 16x16

macroblock (x.¥), scale bandwidth map values of the macroblock bandwidth map
. R ~y 33 S $3S P . o
according to a second equation, C+ 3 S R(, 7), wherein Cis a constant

determined by experiment, and R(7,j} is the pixel-level reference counter for the 16x16

macroblock x,¥}.

44.  The machine readable medium of claim 37, further comprising instructions that
upon executing cause the machine to repeat the functions of initialize, perform and

readjust for each next frame in a plurality of next frames referring to the cuxrent frame.

45,  The machine readable medium of claim 44, further comprising instructions that
ppon executing cause the machine to encods the current frame based at least in part on

the readjusted macroblock bandwidth map of the current frame.



