
METHOD ANDAPPARATUSFOR ERROR RESILIENCE ALGORITHMS IN
WIRELESS VIDEO COMMUNICATION CEOSS-KEFEEEJNCE TO
EE..LATED A ICAT NS Claim of Priority u d r 35 U.S.C
119 [00GiJ This Application for Patent claims priority
to Provisional Application Serial No. 60/760,678
(Attorney Docket 060372P1) entitled "Method and
Apparatus for Adaptive Intra Refresh Based o
Prediction Hierarchy for Wireless Video
Communications' 1 filed January .20, 2006, which is
assigned to the assignee of this application atid
which fully incorporated herein by reference for all
purposes. |0002| This Application for Patent claims
priority to Provisional Application Serial No.
60/760,755 (Attorney Docket 060372P2) entitled A
Method of Error Resilience for Wireless Video
Communication" filed January 20, 2006, which is
assigned to the assignee of this appl cation and which
is fully incorporated herei by reference for all
purposes. BACKGROUND Field of the Application 000 ]
"this application is directed to ltimedi signal
processing and, more particularly, to wireless video
communication. Description of the Related Art |OQ04J
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)-I,. -2 and -4 standards,
the Ixttemational Telecommunication Union (TFU)-T
B.263 standard, and the ITU-T B.264 standard and its
counterpart, ISO/EC MPEG-4, Fan 10, i.e., Advanced
Video Coding (AVC). Such encoding methods generally
are directed to compressing the multimedia data for
transmission and/or storage. Compression is broadly
the process of removing redundancy from the
data.|0005] A video signal may be described in terms
of a sequence of pictures, which include f es (an
entire picture), or fields (e.g., interlaced video
stream comprises 



fields of alternating odd or even lines of picture).
As used herein, the term "frame" r f r to a picture, a
f or a field. Video cod g methods cor press video
signals by using lossless or tossy compression
algorithms to compress each fra e  ntra-frarae coding
(herein referred to as intra-coduig) refers to
encoding a frame using oniy that frame. Inter-frame
coding (herein referred to as inter-coding) refers to
encoding a frame based on other, "reference/ frames.
For example, video signals often exhibit temporal
redundancy m which frames near each other in the
temporal sequence of frames have at least portions
that match or at l st partially match ach other,
|0006] Multimedia processors, such as video encoders,
may encode a frame by partitioning it into blocks or
"maerob locks'* of, for example, 16x16 pixels. The
encoder may further partition each maeroblock into
subblocks. Each subblock may further comprise
additional subblocks. For example, subblocks of a
maeroblock may include l xS and 8x16 subblocks.
Subblocks of the 8x16 subblocks may include 8x8
subblocks, and so forth. As used herein, the- term
"block" refers to either macrbiock or a subblock.
|0007] Encoders take advantage of this temporal
redundancy using inter-coding motion compensation
based algorithms. Motion compensation algorithms
identify portions of a reference frame that at least
partially match a block. The block y be shifted in the
frame relative to the matching portion of the
reference frame. This shift is 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
example, balances encoding size with distortion of the
content resulting from an encoding. |000$l
Inter-coding enables more compression efficiency than
infra-coding. However, inter-coding can create
problems when reference data (e.g., reference frames 



o reference fields) are lost due to channel errors,
etc. E these cases, decoding of intercoded data may
not be possible or may result in undcsired errors and
error propagation Decoders may employ concealment
schemes which attempt to co c l or cover-up erroneous
data with data derived from neighboring blocks or from
data i other frames. Improvement of conceaimeni
algorithms m y provide so impiovement in the quality
of concealed portions of erroneous video da  iwever,
there i a limit on. how h h quality the concealed
image will exhibit u to the heavy dependence of
concealment algorithms on spatio-temporal information.
The concealed data may not be of high quality and the
viewing experience may be degraded. In addition,
decoding of the signal may become impossible and
resynehromzation may be required. Error propagation
may lim t and ^synchronization (or initial
acquisition) may be enabled, by encoding methods that
refresh the video. A refreshed video signal can be
decoded without reference to or knowledge of other
frames |0 09| An independently decodable intra-coded
frame is the most common form of frame that enables
refreshing of the video signal The MPEG-x and H.26x
standards use what is known as a group of pictures
(GOP) which comprises an mtra-coded frame (also called
art  -fraine) d temporally predicted P~frames or
bi-directionally predicted B frames that reference the
I-frame and/or other P and/or B frames within the GOP.
Longer OOP's are desirable for the increased
compression, but shorter GOP's allow for quicker
acquisition and resynchronizatioa. Increasing the
number of I-fraraes will refresh the ideo signal more
frequently, thereby further limiting error propagation
and providing quicker acquisition and
^synchronization, but at the expense of lower
compression. What is needed is a way to encode video
data that limits error propagation of the video stream
at the decoder while preserving compression
efficiency, SUMMARY |10| The system, method, nd
devices of the application each have several aspects,
no single one of which is solely responsible for its
desirable attributes. Without li itin e scope of this
application as expressed by the claims which follow,
Its more pxOrninent features will now be discussed
briefly. After considering this discussion, and 



particularly after r di g 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 decodedvideo quality,
improved error recovery, improved error resilience
and/or improved wireless communication efficiency,
1001.1] A method of processing multimedia data that
includes multiple video r e where the method includes
imtialmng a pixel-level reference counter for a
current frame, performing a prediction of a next frame
referring to t e current frame and readjusting a
macroblock bandwidth map of the current frame, f0012]
A processor, for processing multimedia data including
multiple video frames is described, where the
processor is ing configured to initialize a pixel
-level reference counter for a current frame, perform
a prediction of a next frame referring to the current
frame, and readjust a macroblock bandwidth map of the
current frame. 00 3] An apparatus for processing
multimedia data that includes multi pie video frames
is presented, where the apparatus includes an
initializer for initializing a pixellevel reference
counter for a current frame, a performer for
performing a prediction of a next frame referring to
the current frame, and a readjuster for readjusting a
macroblock bandwidth map of the current frame. J0014J
A apparatus tor processing multimedia data that
includes multiple video .frames is presented, where
the apparatus includes, means for initializing a
pixel-level reference counter for a current frame,
means for performing a prediction of a next frame
referring to t e current frame, and means for
readjusting a macroblock bandwidth map of the current
frame. [0Q 5| A machine readable medium,, for
processing multimedia data that includes a plurality
of video frames is describe, where the machine
readable medium includes instructions that upon
execution cause a machine to i it l e a pixel-level
reference counter for a current frame, perform
prediction of a next frame referring to the current
frame, and readjust a macroblock bandwidth p of the
current frame. BMEF DCSCRIFTION OF THE DRAWINGS 



j016] FIG. 1 is a block diagram illustrating a
multimedia communications system according to o
aspect, | .l7| G. 2 is a block diagram illustrating a
embodiment of a encoder devicethat may be used in a
system such a illustrated in FIG. 1. JOOlS] FIG. 3 is
a block diagram illustrating embodiment of a decoder
device that may be u  in a system such as illustrated
in FlO. I . | 00..9| PlG. 4A. is a flowchart
illustrating a example of a method of encoding a
portion of a video stream in a sys such as illustrated
in FIG. 1, |0020| F.G. 4B is a flowchart illustrating
in more d t i a example of a method of encoding a
portion of a video stream i a system such as
illustrated in FfG. 1. |0O21 FIG. 5 graphically
illustrates a distortion map that may be generated by
the methods af FIGS. 4A and 4B. [0022] FIG. 6
graphically illustrates prediction regions osed for
estimating a portion of video such as used in motion
compensated prediction methods. |0023| FG. 7 is a
functional block diagram illustrating a embodiment of
a encoder device that may be ed in a system stich as
illustrated in FlG. L |0024j FKl 8 is a functional
block diagram illustrating an bodi of an encoder
device that may be used in a system such as
illustrated in  .G. 1. |0025| FG. illustrates a
wireless communication system 900 according to certain
embodiments. O26] FIG. 10 shows an organization of the
coded video data or video bitstream in siees and AUs.
[00271 FIG. I i shows the organization of video
bitstreac ) i slices and AUs a d their mapping to FLO
frames. |002S| FlG. 12 shows a prediction hierarchy
for predicted frame coding according to certain
embodiments. f0029] FG. 3 shows a two-pass algorithm
to determine the prediction chain and put more
significance to the frequently reference racroblocks
according to certain embodiments.0ETAILEB DESCRIPTION
OF CERTAIN EMBODIMENTS 



|0030] The following detailed description is directed
to certain sample embodiments sf the application.
However, the application can be embodied in a
multitude of different ways as defined and covered by
the claims. In this description, reference is made to
the drawings wherein like parts are designated with
like numerals throughout. IO031J Video signals ray be
characterised in terms of a series of pictures, fra s
lleids or slices. As used herein, the terra "frame" is
a broad term that may encompass either frames of a
progressive video signal, fields of an interlaced
video signal, or slices of either. |032] Embodiments
include systems and methods of improving processing in
an encoder in a multimedia transmission system.
Multimedia data may include one or more of motion
video, audio, still images, or any other suitable type
of audio- visual data. Embodiments include an
apparatus and method of data (e.g., video) cotnmuni
cation. |0033J PIG. I is a block diagram illustrating
a multimedia communications system 100 according to
one aspect. The system 100 includes an encoder device
310 in communication with a decoder device 150 via
&network 140, which can be, for example, an error
prone network such as a wireless network. En one
example, the encoder device receives a multimedia
signal from an external source 102 and encodes that
signal for transmission o the network 140. OQ34| In
this example, the encoder device 110 comprises a
processor 112 coupled to a memory 1.14 and a
transceiver 116. The processor 112 may include one or
more of a general purpose processor and/or digital
signal processor. The memory 114 may include one or
more of solid state and/or disk based storage. The
processor 112 encodes data from the multimedia data
source and provides it. to die transceiver 116' for
communication over the network 140. |Q835J In this
example, the decoder device 150 comprises a processor
1.52 coupled to a memory .154 and a transceiver 156.
The processor 152 may include one or or of a general
purpose processor and/or a digital signal processor.
The memory  54 may include one or more of solid state
and/or disk based storage. The transceiver 156 is 



configured to receive multimedia data over the network
140 and provide it to theprocessor  52 for decoding,
lti one example, the transceiver 156 includes a
wireless transceiver. The network 140 may co pri se
one or more of a wired or wireless communication
system, including one or more of Ethernet, telephone
fe,g. .> POTSX c bl po r li e r optic te and/or w r l
s system comprising one or more of a code d vision
multiple access (CDMA or CDMA2000) communication
system, a frequency division multiple access (FDMA)
system, an orthogonal frequency division multiple
(OFDM) access system, a time division multiple access
(TDMA) system such as GSM/GPRS (Genera! Packet Radio
Service)/EDGE (enhanced data GSM environment), a TBTRA
(Terrestrial Trunked Radio) mobile telephone system,
wideband code division multiple access (WCDMA.)
system, a high dat rate (IsEV-DO or IxEV-DO Gold
Multicast) system, an IEEE 802.1 1 system, a MediaFLO
system, a DMB system, or a DVB-H system, | 3 FIG. 2 is
a block diagram illustrating an embodiment of the
encoder device 110 that may be used in a system such
as the system 100 illustrated m FlO. 1. I this
embodiment, the encoder 1 10 comprises a distortion
value estimator element 202, a encoding method
determiner 204, and a multimedia encoder ele e t 206.
The distortion value estimator 202 estimates a
distortion value for portions of multi media data that
are being encoded. The distortion value is based in
part on error propagation from other portions of video
that the current portion is predicted from and the
likelihood that the other portions are received in
error. The distortion value also includes a distortion
component due to errors introduced at the decoder
while concealing the portion of video data if t were
received in error. The distortion value estimator may
consider multiple encoding methods and calculate
distortion values for each of the encoding methods.
100371 The encoding method determiner 204 determines a
encoding method that will used to encode the portion
of video data based on the estimated distortion value.
The encoding method determiner 204 and die distortion
value estimator 202 may work 



together to calculate multiple distortion values for
multiple encoding methods (for example multiple
uiter-codmg methods) a d pick the encoding method that
results in the least distortion. The encoding method
determiner a compare the distortion value to a
threshold and, based on the comparison, determine dtat
another encoding method is needed. The other encoding
method may be an encoding method related to refreshing
thevideo stream, such as mtra-codmg. The other
encoding method may also be another form of
inter-coding that results in a lower distortion value
estimated by the distortion value estimator 202. The
encoding method determiner may also consider
computational complexity along with distortion va u m
determining an encoding method that pro d acceptable
distortion and does not exceed a computational
complexity level. 0 3 J The multimedia encoder 206
performs the encoding method that determined based oti
the distortion value. The encoding methods performed
by the muUimedia encoder 206 include inter-coding
where portions of video are predicted temporally (e. .
using morion compensated prediction) in reference to
other portions of video data located in other temporal
frames. Other encoding methods include intracoding,
wiere portions of video are encoded such that they can
be decoded independently vdthout reference to other
temporally located video data. n some embodiments, the
intra-cocling may use spatial prediction to take
advantage of redundancy i the other video data located
i the same temporal frame. |0039f n some embodiments,
one or more of the elements of the encoder 10 of F3G.
2 may be rearranged and/or combined. The elements may
be implemented by hardware, software, firmware,
middleware, microcode or any combination thereof.
Details of the actions performed by the elements of
the encoder 110 will be discussed In reference to the
methods illustrated in FKJ. 4 below. |b04j FG. is
block diagram illustrating a embodiment of the decoder
device 150 that may be used m system such as the
system 100 illustrated in FlG. i . In this embodiment,
tiie decoder device 50 includes a multimedia decoder
element 302 and a error concealment element 304. The
multimedia decoder 302 decodes a encoded multimedia
bifstream such as was encoded using e encoder device
110 of FG. 2. The 



multimedia decoder performs inverse operation
corresponding to the encoding operations used to
encode the data. The encoded data may be inter-coded
(e.g., temporally predicted data) and/or intra-coded
data. |004! I The error concealment element 304
performs various forms of error concealment that are
used to conceal or cover-up portions of video that are
received in error or are otherwise not decodable
(e.g.- due to synchronization loss). The concealment
methods may include spatial error concealment,
temporal error concealment and othermethods. The
concealment methods used may be the same or similar to
the error concealment methods modeled when estimating
the distortion values i th distortion value estimator
202 of the encoder device 110 of FLG, 2. While the
present aspect does not. r i e the same or similar
conc al t methods, s of such m or similar concealment
methods in the decoder device 150 as were modeled in
the encoder device may result i improved decoded video
quality. .n addition to performing error concealment,
the error concealment element 304 may perform error
recovery functions. Error recovery may be performed on
sections of data that are determined to be erroneous
in n attempt to parse out useable (e.g., error free)
portions. These parsed out portions may al$o be u d in
error concealment by tibe error concealment element
304 I00421 .1" some embodiments, one or more of the
elements of the decoder 150 of FIG. 3 may be
rearranged and/or combined. The elements may be
implemented by hardware, software, firmware,
middleware, microcode or any combination thereof,
Details of the actions performed by the elements of
the decoder 150 are beyond the scope of tills
discussion. |GQ43r| FIG. 4A. is a flowchart
illustrating a example of a method of encoding a
portion of a video stream in a system such as
illustrated in FIG. 1, In this example, the method
estimates a distortion value for a portion of video
being encoded. The distortion value is based on a
probability of the encoded portion being received Ln
error a a decoder and the error caused by a
concealment meiliod that is used to conceal the
erroneous portion. By basing ihe distortion value on a
decoder concealment method, the encoded video
bitstream may be more robust to the effects of error
propagation at the 



decoder, which may improve 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 determined to
minimize the distortion value among a plurality of
encoding methods. The encoding method may be
determined based on improving recoverabiiiiy of the
portion of video at the decoder. The encoding method
may be determined to refresh the video portion so s to
limit error propagation at the decoder. |0044j
Referring to FIG. 4A, method 400 begins at block 402
where n 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, etc.) ablock of pixels or any
shape and size region of one or more pixels. The
distortion value is b sed at least in par t on a
distortion component related to an error concealment
method that ay be used to conceal t e video portion if
i is received in error, The di tortion value y .inc u
components from multiple co c l t .methods. For
example, one component may represent distortion
introduced y first concealment method used if only the
portion being encoded received i error In other words,
all other video data that a decoder device could use
to predict a concealed portion (referred to as
prediction data) s assumed to be received error tree.
Other components of the distortion value ay include
distortion introduced by a second or third concealment
method, where these concealment methods may be used by
a decoder if one or more prediction portions are
received in error. The concealment methods may include
spatial co cealment temporal concealment and oilier
forms of concealment Details of a method of estimating
a distortion value including temporal concealment will
be discussed below. The distortion value estimator 202
of the encoder device 110 i FIG. 2 may perform the
actions t the block 402. f Q45J En some examples, a
distortion value is calculated at block 402 for each
block in a frame of data. The blocks may be
macroblocks (e.g., 16x16 pixel maeroblocks), or
sub-macroblocks of any size. The distortion values for
each block in a frame may be stored in a distortion
ap. FlG. 5 graphically illustrates distortion map that
ay be generated at block 402. The distortion map 500
contains multiple distortion 



value variables 505 (labeled dvi-dvl6), one for each
block i a frame. The distortion raap 500 of a previous
frame may be used m calculating the distortion values
m a new frame, In this way, cumulative distortion may
be easily calculated, Jf any block is determined to be
refreshed, e.g., ultra-coded, the distortion value of
that block may be set to zero, or io the distortion
value due to quantization or o e other factor. [0046]
At block 404, the encoder device determines an
encoding method to be used for the portion of
multimedia data based on the estimated distortion
value. Ih some examples, distortion values are
calculated at block 402 for multiple 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 rn the minimum distortion value may be
determined (at block 404) to be used for encoding
the1.1 portion of multimedia data to other examples,
the distortion values are calculated based on. a first
encoding method (either inter-coded or mtra-coded),
and the distortion v lu are used to determine blocks
that should be intr-coded, such as do in Adaptive
Intra- Refresh (AiR) .For example, the distortion v lu
corresponding to a portion m y b computed after a rate
distortion based decision has resulted in finding the
optimal motion veetor(s) and mode to encode the
portion. If the distortion value so obtained S greater
than a threshold, then it may be determined to
iatra-code the portion using one of the mtra-coding
modes, e.g., 4x4 pixel irstra-codmg or 16x16 pixel
iptra-coding. in this way, the portion of multimedia
is refreshed. Apart from intra-cod tig mode certain
inter-coding modes (P8x8, F16x \6, P.!6x8, P s i 6,
etc.) may also be determined based on the distortion
value in some cases, although these may not result i
refreshed video. It should b e noted that some of the
blocks of tlie method 400 may be combined, omitted,
rearranged or any combination thereof. Details of some
embodiments of determining the encoding method at
block 404 are discussed below i reference ioF G. 4B.
|G047f Details of an example algorithm for estimating
the distortion value at block 402 will now be
discussed. The distortion value in this example is
related to a temporal concealment method that conceals
an erroneous portion of multimedia using portions 



from two other frames, for example, a prior frame and
a subsequent frame. However, other concealment methods
may be represented using similar methods. |OQ4SJ T be
example algorithm computes a recursive distortion
value of the expected (i.e. statistical expectation)
distortion value of u-itdirectioaaily predicted
portions (such as in P Frames) of video. Other
portions such as iatra-coded portions and
bidkectionally predicted portions may also be
represented by similar algorithms. The algorithm is
based in part on an. assumed probability of the
current MB being lost (defined as a probability "P")
and a probability that predictors used by a
.concealment method are lost (defined a probability
"Q"). As at least one of the assumed probabilities P
and Q are increased, the algorithm tends more towards
yielding good error resilience/concealment while
trading off compression efficiency. The converse
happens whe one decreases at least one of the
probabilities P and Q.0Q49J The algorithm computes a
expected distortion value for a portion of multimedia
data. The portion of multimedia data y any number of
pixels d any shape. The example will be discussed in
reference to the portion being a 16x16 pixel
Macroblock (MB) but it should be noted that other
portions may be represented well, In. one embodiment,
the algorithm is used to estimate a expected
distortion value for each MB of a .frame to form a
distortion map as discussed above in reference o FIG.
S. The expected distortion value In this example is
computed in a recursive id motionadaptive fashion.
Although this expected distortion map h ot exactly the
MSE or norm distortion measure, it i expected to
correlate reasonably well with these measures. |0bS0|
The following notation is used for the discussion of
the distortion value algorithm: D*'J ~ Cumulative
distortion value of the (ij)th macroblock i the ~t' th
frame P :: Probability that the current MB is lost
Q-Probability that a predictor used by the related
concealment method is lost fOOSlJ Given these
assumptions, the current MB is received without any
error t a probability equal to (J-P). n unidirectional
prediction, the current MB is encoded i reference to a
MB si ed portion of another frame, the previous frame
this example. A 



motion vector MV gives the relative positions, or
locations, of the current MB and the MB sized
reference portion. The reference portion will
generally not be aligned with the borders of a MB. but
wit! overlap up to four regions of four MB's. FlG. 6
graphically illustrates t e prediction regions used
for est.unat.ing portion of video using motion
compensated prediction methods. A motion vector 605
points to a MB sized prediction region 610 made up of
four area portions labeled a l s a2, a3 and a4. The
area portions a i - a4, lie within four B 6 15 620,
625 d 630, respectively. The distortion values of the
MB's 615-630 ay be obtained from a stored version of
the distortion p of the previous frame  n this
example, the cumulative distortion values of the four
areaportions al-a4 in the prediction region 610 are
weight averaged (e.g., based on the number of pixels
in each area portion) to calculate the distortion
value of the current: MB. Thus, the estimated expected
distortion value of the current macroblock due to the
cumulative error propagation is given by:Where at , ,
a . are the four area portions as illustrated in F!G.
6 . Note that the distortion value given by formula 0
) is normalized by dividing the weighted average of
th" 16x16 pixel region by 256. 100531 addition to the
cumulative distortion from the prediction regions of
the previous frame, the algorithm estimates distortion
value components due to concealment of the current MB,
Jf the current MB received in error. A discussed
above, it is assumed that the current MB is received m
error with a probability of P. The distortion incurred
by the current macroblock due to a. concealment method
may be approximated to be the sura of the concealment
error (the error introduced by the concealment method
and indicated by the term ConcedJError) and the
effects due to error propagation from the prediction
regions used by the concealment method. As discussed
above, it is assumed that the predictors (e.g., from
the current and/or past frames) are available with a
probability l-Q, I this example, it is assumed that
the concealment method(s) depends on availability of
data in the current frame and a previous . The
prediction region is assumed to be i the previous
frame, as indicated by the cumulative distortion terms
Dl:.{ . However, thus is only an example and the
prediction regions may be in the current 



frame or any other frame that is available. hus the
distortion incurred due to temporal error concealment
method using prediction regions from the previous
frame, where the portion being concealed is erroneous
at a probability of F, and that depends on the
availability of prediction data in the current frame
and the previous frame (both available at a
probability of l-Q) may be computed as: (P)(I ~ Q)(I
(2) fO053J Concealment error computations may he
computationally complex. However, under some
reasonable assumptions, they may be approximated as a
difference in the following SAD (sum of accumulated
differences in pixel values) values: SAD J i. : SAD
obtained between the original image and the compressed
image when the optimal MV and the optimal encoding
mode are used.H SADcst : SAB obtained between the
original image and the concealed image when the sti t
dMV is used (estimated by the temporal co c al t
algorithm) |0054| This approximation may b ri tt as
follows. Where ai , a a a are four area portions in
the previous frame (as illustrated m FIG. ) that were
s d as the concealment portion prediction arid are
used to weight average the cumulative distortion. Note
that the distortion value given by formula (3) is al o
normalized by dividing the weighted average of the
16x16 pixel region by 256. |0055| o that, whet using
formula (3% y be found to be less than SADOpt In some
cases (due to motion compensation inaccuracies, for
example), but the difference may be negligibly small
and m those cases the ConcealjError component may be
approximated as zero. |0056| Formula (3) represents a
distortion value component that corresponds to the
concealment method used when both the current frame
and the previous frame are both available (where each
occurs at a probability of 1-Q). However, different
concealment errors may exist if some or all of the
current frame and/or the past frame is received 



erroneously, 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) curre t frame available but
previous frame erroneous, 3) current fravne erroneous
but previous frame available a d 4) both the current
frame and the previous frame are erroneous. Details
regarding the calculation of the four concealment
estimates are not crucial to Che understanding of e
distortion value calculation, and will not be
discussed herein. The cumulative distortion including
the four distortion value components may be computed
as:Where the first concealment estimate results tp a
distortion of L i4 > t -SAD nd the second concealment
estimate results in &distortion of I&LD;;. SAD~ \. and
so on.  dit the aurvulatis'e distortions are weight
averaged based o ihe areas (ti < , a d a " ) of the
prediction regions used in each of t four concealment
estimates. The concealment estimates may be based on
different types of concealment methods such as spatial
concealment, bidirectional coticealmeut, etc. For
example, a concealment algorithm may cox ceal
temporally sometimes a d spatially other times, d pe
di g o deterministic/probabilistic criteria. The
encoder device performing the distortion value
calculation and determining which encoding method to
se based on the distortion value may model the same or
similar concealment methods that are used in a decoder
i order to improve the error recovery and/or error
concealment performance when the decoder receives
erroneous data. |0057] Note that other concealment
estimates may be considered and included in Equation
(4) based on the probabilities that other prediction
regions are ot available. Equation (4) may be used for
each MB in a frame in order to form the distortion map
as illustrated i FIG. 5. Thus, the distortion values
calculated using Equation (4) comprise a weighted m of
distortions incurred by choosing multiple options of
concealment, where the weight is the probability of
each concealment option being chosen, ftiOSSJ FlG. 4B
is a flowchart illustrating in more detail an example
of a method ofencoding a portion of a video stream in
a system such as illustrated m FKx I. Method 420
includes the blocks 402 and 404 as discussed above in
reference to FIG. 4A 



including various concealment methods that may be
considered when estimating the to tion v lu at the
block 402 d various .methods of determining the codin
method at the block 404. |0059j At block 402 the
distortion value may be estimated using algorithms
similar to those discussed above in reference to
Equation (4), The exact distortion value equations
used depend on the type of concealment method that is
being represented. The concealment methods being
represented may include spatial concealment methods
where prediction portions located in the same frame
are used to conceal a portion received in error. In
the case of spatial concealment thin a frame, the
cumulative distortion values of MB's in the current
frame are used instead of distortion values front the
previous frame. Temporal concealment methods may
include unidirectional prediction as discussed above
and represented by Equation (4), and may also include
bi-directional prediction where availability of a
subsequent frame may also be considered. 1006O] One
example of a temporal concealment method is motion
vector scaling. Motion vector scaling is a method that
interpolates and/or extrapolates motion vectors from
other frames to derive a motion vector for a portion
of erroneous multimedia data in a current frame.
Another example of temporal concealment method is
frame rate conversion. Frame rate conversion may be
similar to motion vector scaling, but involves
construction of an entire framebased o typically, two
surrounding frames. Other examples of temporal error
concealment methods may he 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, projection
into convex sets. Skilled technologists will recog i e
other forms of error concealment that may be
represented h estimating the distortion value at the
block 402 of the method 400. 00 1] As discussed above,
the encoder device determines, at the block 404 n
encoding method based on the distortion value that was
estimated at the block 402. In some embodiments, the
estimated distortion value is compared to a threshold
and the 



encoding method is determined based on e comparison.
The threshold may be a singlevalue for all portions of
multimedia data. However, the threshold may also vary
according to methods such s those listed in the block
404 of th m t o 420. Th s methods will be discussed in
relation to determining an encoding method based on
xce di a threshold, where the codi g ho chosen if the
threshold e c e will generally serve to refresh the
portion (oral: least decrease the estimated distortion
value of the portion). However, it should be noted
that encoding methods may also be determined based on
the distortion value being less than a threshold. |0
2j In some examples, the threshold is varied as a
function of a texture of an area in which the
multimedia portion being encoded is located. Areas
with widely varying texture (e.g., large variations
from pixel to pixel) may not show errors as much as
areas with a less varied texture, and may therefore be
afforded a higher threshold over which the encoding
method may be determined to refresh the portion (e.g.5
using intracoding). Areas with smooth or slightly
varied texture, however, may show errors more and may
therefore be assigned a lower threshold. |0063| n some
examples tlie threshold may be varied as a function of
the position, or location, of the portion being
encoded thi a frame. For example, portions on the
edges may be assigned a higher threshold than portions
in the middle. In this way, t areas where a viewer
more frequently looks (e.g,, the center of the frame)
may be refreshed more often than areas on the edge
where a view may not watch as often. |0 4| some mpl s,
the threshold may be a function of the positio of the
current frame being encoded within a GOP (group of
pictures) or a superframe of multiple frames. A GO
generally starts with an uUta-coded frame or a set of
frames that include substantially all of the MB's
within a frame being mtra-coded at least once (known
as adaptive intra refresh or AJR) and where the other
frames in the GOP (or superfrarne) do not reference
frames outside of the GOP. In order to assure that the
MB s have a higher chance of being intra-cded at the
start of a GOP, the threshold in the frames near the
beginning of the GOP may have a lower threshold than
the MB's near the n of the GOP. 



{0Q 5 n some examples, 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 adaptiveiy to ensure
a percentage of MB's within the frame aremtra-coded
based on the distribution of distortion values. This
may be used to Limit the number of intra-coded MB's to
Limit the data rate necessary for transmission. Even
though the quality may be degraded for some frames
(due to a high distribution of distortion values), the
<i t r e may be k p to a desired level, |0066| n some
examples, the threshold may b a function of motion
activity in an area of the frame containing the
portion being encoded. Errors that occur in areas of
video that are characterized by higher motion activity
tend to be less perceivable than errors that occur in
areas characterized by little motion. The threshold
may be set io higher values in areas experiencing
higher motion activity than in areas experiencing
lower motion activity. Motion activity may be measured
in many ways. For example., motion vector amplitude
may be used as a .motion activity indicator where
higher amplitude motion vectors indicate higher motion
activity. Variation of motion vector direction can
also be used as a motion activity indicator. If most
of the motion vectors in an area are pointing in
substantially the same direction, this may b e an
indication of low motion activity. If motion vectors
in neighboring blocks of an area are pointing in
different directions, this .may be a indication of
high motion activity. S miiar motion activity measures
may be obtained using other motion compensation
techniques such as optical flow. |0067| n some
examples, the threshold may be a funeti on of the
encoding mode of the portion of video being encoded.
For example, so portions of video are typically not
used as reference for other predicted portions of
video. B frames, for example, are not used for
reference frames in many systems. Thus, the distortion
value of the B frames in this type of system could be
allowed to be higher since no other video wi.ll
reference it. Since no other video will reference the
B frame, the errors will persist for only one frame
duration (e.g. 1/30* of second in a 30 frame per
second video sequence). Thus, the threshold could b e
higher for non-referenced portions of video than for 



portions of video that may be referenced by other
predicted portions. fX>06S] 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 orwithout
spatial prediction of neighbors.  ntra-coding -without
spatial prediction of neighboring pixels may b chosen
i order to reduce the distortion value calculated at
the block 402. Hie encoding methods at block 406 y
include unidirectional or bidirectional pr d tio u i g
motion compensated prediction. Different forms of
motion compensated prediction may be chosen over
others in order to reduce the distortion value
estimated at the block. 402, Motion compensate
prediction may include block matching, optical flow
and other methods to calculate motion vectors as
discussed above, ft should be noted that some of the
blocks of the method 420 may be combined, omitted,
rearranged or any combination thereof. | { FIG. 7 is a
functional block diagram illustrating an example of an
encoder device- U Othat may be used in a system such
as illustrated in F G. , This aspect includes means
for estimating a distortion value for a first portion
of multimedia data based at least in part on one or
more concealment methods related to concealing the
first portion if the first portion were received in
error, and means for determining an encoding method
for the first portion based at least I part on the
estimated distortion value. Some examples of this
aspect include where the estimating means comprises a
distortion value estimator 702 atid where the
determining means comprises a encoding method
determiner 704. |O 70] F.1G. 8 is a functional block
diagram illustrating an example of an encoder device
110 that may be used in a system such as illustrated
in FIXl 1. This aspect includes means for estimating a
distortion value for a first portion of multimedia
data based at least in part on one or more concealment
methods related to concealing the first portion if the
first portion were received in error, and means for
determining an encoding method for the first portion
based at least in part o the estimated distortion
value. h 



some examples of this aspect, the estimating means
comprises a mod e for estimating distortion value 802
a the determining means comprises a module for
determining encoding method 804. f0071] The error
resilience strategies and algorithms that apply to
video transmissions over error prone environments are
discussed. These concepts apply to any individual or
combination of existing or future application,
transport and physical layer or other technologies.
The fundamental aspect is of effective error
robustness algorithmsby integrating an understanding
of error susceptibility properties and error
protection capabilities among the OSI layers in
conjunction with desirable properties of the
communication system such as low latency ami high
throughput. One of the primary adva tag is
recoverability from fading a d multi-path c a l
errors, Although h ex pl of a video communication
system s described, the error resilience aspects
described may be extended to data communication in
error prone environments. f072J FIG. 9 illustrates a
wireless communication system 900 according to certain
embodiments. Such an exemplary video communication
system generally includes a video compression system
(not shown) consisting of a video encoder 910 and a
video decoder 920 connected by a communication network
9 0. Network 930 can further include an RF modulator
940, a network channel 950 and an RF de-modulator 960.
Wireless networks are one class of error prone
networks where the channel can exhibit log-normal
fading or shadowing and multi-path fading in mobile
scenarios in addition to general path loss. To combat
channel errors d. provide reliable communications for
application layer data, modulator 940 can include
Forward Error Correction (FEC), w ic can include
interleaving and channel coding, such as convoludonal
or turbo coding. |0073| Generally, video compression
can r d c redundancy in the source video and increase
the amount of information carried m each bit. of the
coded video data. This can increase the impact n
quality when even a small portion of the coded video
is lost. Spatial and temporal prediction inherent in
video compression systems can aggravate the loss and
can cause errors to propagate, resulting in visible
artifacts in the reconstructed 



video. Error resilience algorithms at the video
encoder and error recovery algorithms at the video
decoder can enhance the error robustness of the video
compression system. |0074| Generally, the video
compression system is agnostic to the underlying
network. However, in error prone networks, integrating
or aligning error protection algorithms i the
application layer with FEC and channel coding in th
link/physical layers is highly desirable and can
facilitate efficiency in enhancing error performance
of the overall system. MediaFLO(tm) 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, forexample, using MediaFLO(tm) video
coding for delivering realtime video services in TM3
systems using the FLO Air Interface Specification,
"Forward Link Only [FLO] Air Interface Specification
for Terrestrial Mobile Multimedia Multicast",
published as Technical St dard TA-1099, Aug, 2006,
which is fully incorporated herein by reference for
all purposes. The aspects, embodiments and/or examples
described below relate to the algorithms and the
kiter-working between them to provide enhanced error
performance in a FLO network. However, these aspects,
embodiments and/or examples are intended to be
generally applicable to ail error prone networks.
|0076| Slices, as used herein, are chunks of
independently decodabie (e.g., using entropy decoding)
coded video data. Slices in a FLO environment can be
aligned to FLO frame boundaries. Access units (All),
as used herein, are coded video FLO frames. FLO frames
are time division multiplexed (TDM) blocks of physical
layer packets (e.g., called a TDM capsule) that offer
a relatively high time diversity. A FLO superframe can
correspond to one unit of time (e.g. 1 sec.) a d thus
contains a number of FLO frames (e.g., 4 FLO frames
per 1 sec. FLO superframe). Each of these definitions
can, and likely will, change for other error prone
network types, and even within future FLO network
configurations (e.g., a FLO superframe might
incorporate a fixed number of FLO frames regardless of
the time duration). |OQ77| Within the current FLO
environment, for example, aligning sh' ce and AtJ
boundaries to FLO frame boundaries in the time domain
can result in t e most efficient 



separation and localization of corrupted data. For
example, during a deep fade, most of the contiguous
fade data m a TDM capsule is usually affected by
errors. But due to lime diversity, the remaining TDIVl
capsules have a high probability of being intact Hence
the imcorrupted data may be utilized to recover and
conceal the lost data from the affected TDM capsule.
|007S| Similar iogic 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). qb7 ] In order to align slices and AU to
FLO frames, the outer code (FEC) codeblock creation
and MAC layer encapsulation should align as well. FIG.
10 shows a organization of the coded video dat or
video bitstream in slices and AUs. The coded video may
be constituted in one or or bitsireams (e.g. base
layer bitstream and/'or a c m t layer bitstream),
where layered video coding is applied i this exa pl ,
FIG. p shows the organization of video bitstream(s) in
slices and AUs and their ppi Io FLQ frames, where (a)
shows alignment of slice boundaries to FLO frames, and
(b) shows alig ment of AU boundaries (FI, F2...) to
FLO frames and slices (e.g., with the AUs are aligned
to physical layer packets). |0SOJ According io certain
embodiments, the video bitsireaois include A s, and
the AUs include slices of data. Bach start of slice is
identified by a start code and provides for network
adaptation. In general,  -frame or intra coded AUs are
iarge, followed by P-frames, or forward predicted
frames, followed by B-frames, or bidirectionally
predicted frames. Coding an AU Into multiple slices
can incur an overhead cost in terms of the coded
bitrate, since spatial prediction across slices is
restricted to similarly-located slices of other f ame
and multiple slice headers contribute to the overhead
too. Since slice boundaries are usually
.^synchronization points, restricting contiguous
physical layer packets (PLPs) to slices can help
control errors, since, when PLP is corrupted, error is
confined to the slice in the PLP whereas if the PLP
contained 



multiple slices or parts of multiple slices, the error
would impact all slices or portions of slices in the
PLP. 008.1] Since  -frmes are usually larger than P or
B-frames, typically on the order of 1Os of kilobits,
the overhead due to multiple slices is not a large
proportion of the total -frame si e or total bitrate.
Also, having more slices i an -AU enables better and
more frequent ^synchronization and more efficient
spatial error concealment. Also. Iframes usually carry
the most important information in the video btstream
since a B frames are ultimately predicted off of
-franies. I-frames can also serve as random access
points for channel acquisition. |00S2] Hence, in
certain embodiments, careful alignment of the I-frames
to the FLO fr i boundaries, and the slices with an
I-AU to FLO frame boundaries s well, can enable
efficient error control, error protection (since if
one siiee that belonged to FLO Frame 1 is lost, slices
at belong to FLO frame 2 are intact with a high
probability sinceFLO frame 2 has a significant t m
separation from FLO frame 1) and error recovery,
through, or example, ^synchronisation d error
concealment, |00S3] In the case of P-frames, which are
usually on the order of a lew kilobits aligning
P-frame slices and an integer number of P-frames to
FLO frame boundaries is desirable for similar reasons
as those discussed above for I-frames. Here, temporal
error concealment is typically employed.
Alternatively, dispersing consecutive P-frames such
that they arrive in different FLO frames c also
provide time diversity among P-frames, since temporal
conceal e is based on motion vectors d data from
previously reconstructed I- and/or P-frames. |0QS4| In
the case of B-frames, which can be extremely small
(e.g , 1.00s or even 10s of bits) to moderately large
(e.g. upwards of a few kilobits), aligning integer
number of B-frames to FLO frame boundaries is
desirable for similar reasons as those discussed above
for P-frames. fb SSJ In certain embodiments, error
resilience in coded video bitstreams can incorporate
prediction hierarchy and persistence properties.
Consider the following prediction based hybrid
compression system. Intra-frames are independently
coded 



without any temporal prediction. However, spatial
prediction is possible within a slice <i .e - spatial
prediction is normally restricted across slice
boundaries) Inter-frames are temporally prediction off
of past and sometimes future (in case of B-frames). [0
8 this system, the best predictor might be identified
through a search process in the reference frame (or
more than one reference frame) and a distortion
measure such as SAD (i.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. |0 87| The predictive coded
region of the current frame may be a block of pi e of
varying size and shape (e.g., 16x16, 32x32, Sx4. 2x2,
etc) or a group of pixels identified as an object
through, for example, segmentation. Temporal
prediction typically extends over many frames (e.g.,
10 to 100 frames) a d is terminated when a frame is
coded as ~ frame. In this example, 1-frame frequency
defi s a group of pictures (GOP). For maximum coding
efficiency, a GOP is a scene (i.e., OOP boundaries are
aligned withscene boundaries and scene change frames
are coded as 1-frames). [GOSSJ In low motion sequences
where the background is relatively static and motion
Ls restricted to the foreground object (e.g., ws
programs, weather forecasts, etc., where more than
approximately 30% of most viewed content is of this
nature), most of the predicted regions (i.e.,
inter-coded) of predicted frames refer back to the
-frame through intermediate predicted frames (i.e.,
other P-frames). This prediction hierarchy 1200 shown
in the FIG. 12, 0 S j As shown in FIG. 12, an I-frame
1210 can include an intra-c aded block 12 15 upon
which multiple inter-coded blocks 1225 of predicted
frames 1220 can ultimately be based. Intra-code  block
1.215 m I-frare 1210 is the predictor for the
inter-coded blocks 1225 i predictive coded frames (or
AU) Pi-Fx .1220. In this example, the region of these
blocks is a stationary part of the background. Hence
through consecutive temporal prediction, the
sensitivity of intra-coded block 12 15 to errors goes
up since it is a GOOD predictor which also implies
that its "importance" is higher. Additionally,
intra-coded 



block. 1215. by virtue of this chain of temporal
predictions called its prediction chain, persists
longer in the display (i.e., potentially for the
duration of an entire scene). |0 0 | In certain
embodiments, the prediction hierarchy is defined as
the tree of blocks created based on this "importance"
level or measure of persistence with the parent at the
top (e.g.. block 1215 in FIG. 12) and the children at
the bottom. Note that the inter-coded block in frame \
is on th 2nd level of the hierarchy a d so on. L av of
the tree are those blocks that terminate a prediction
chain (e.g., frame P in FIG. 12). [0091 J In certain
embodiments, prediction hierarchy may be created for
video sequences? irrespective of content type (e,g.,
such as music and sports a well, and not just news)
and can be applicable to prediction based video (and
audio, and data, etc.) compression in general (L this
can apply to all the aspects descri bed in this
application). |0092| Once the prediction hierarchy is
established, error resilience algorithms such as
adaptive intra refresh (AIR), for ampl may be applied
more effectively. [0093] According to an aspect,
algorithms can estimate the importance measure based
on the number of times a block i s used as a
predictor, which can be referred to asthe persistence
metric. This persistence metric is also used to
improve coding efficiency by arresting prediction
error propagation. The metric can also increases bit
allocation for the blocks with higher importance,
[00943 Usually, the goal of a video codec is to
achieve a quality as high as possible at a given
bandwidth. Quality is often evaluated with peak
signal-to-rtoise ratio (PSNR). Since the encoding mode
(e.g., all possible intra and inter schemes) nd the
quantization parameter (QP) of every macroblock of
every frame affect quality as well as bandwidth, a
global optimization scheme involves the joint decision
of the mode and QP of a!! these macroblocks. However,
given current, practical processing capabilities, it
is .mathematically intractable to do this global
optimization. Instead, a practical coding scheme
attempts to achieve a good rate-distortion (Ii-D)
decision for the current frame based o the
reconstructed previously encoded frames. Therefore,
the joint optimization problem is reduced to a causal
optimization problem according to certain embodiments.



|0095| 1" a reference frame, some maerobioeks are more
important than other raacroblocks in the prediction
chain. For example, a foreground object might
duplicate itself in some future frames (i.e., still
within the range of multiple reference frames). If
this object is accurately represented, all its clones
may be simply coded as a motion vector, thus saving
bits. In contrast, a disappearing object or a .
covered background will not be referenced by future
frames any more, thus its quality will not affect
future frames. |0b | In certain embodiments, a
two-pass algorithm to determine the prediction chain
and put more significance to the frequently reference
raacroblocks is described herein. A bandwidth map
value for a MB may be defined a 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): L Pass
o e Initialize a pixel -level reference counter 1310
R(Kj) ~ O where 0 < / < W 0 <j <.H, Wis the width of a
frame, and is the height of a frame. 2. Perform 16x16
motion estimation of the next frame 1320 referring to
the current frame. Whenever a pixel at location ( , j
) in the current frame is referenced, increment/^./ )
by one.3. Pass two. Readjust the macroblock bandwidth
map of the current frame 1330. For a macroblock
located at ( ) we scale up its bandwidth map value by
- - ( ) where C is a constant to be determined by
experiment. Incrementing the bandwidth map value
causes more bits to be allocated to macroblocks that
are good predictors (i.e. many more future MBs in
future frames are predicted of? of these roacroblooks)
4. Encode the current frame 1340 with the updated
macrobl ack bandwidth map. |O097| It should he noted
that the algorithm makes the biistream more robust to
channel errors by emphasizing maorobloeks that are
referenced to often. Any gain in PSNR is due to the
fact that early termination of a predictive chain
arrests propagation of prediction error (due to
residual coding). Additionally, good predictors are
refreshed by 



intra coding earlier than later thus preventing error
propagation if a good predictor is impacted by error,
|O 9S| According to certain embodiments, a channel
switch frame (CSF) is defined as a random access frame
inserted at various (e.g., appropriate) locations in a
broadcast stream for the purpose of facilitating
faster channel acquisition and thus fast channel
change between streams in a broadcast multiplex.
Exemplary specifics regarding one CSF can be found in
the commonly-assigned U.S. Patent Application Nos. .1
1/527,306, filed on Sept. 25, 2006, and 11/528,303,
filed on Sept. 26, 2006, both of which are fully
incorporated herein by reference for all purposes. An
-frame or progressive  -frarae, 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 than scene durations) can result in a s
gnificant reduction hi compression efficiency. |0O95>1
Since intra coding blocks may be required for error
resilience, random access and error resilience may be
effectively combined through prediction hierarchy to
improve coding efficiency while increasing robustness
to errors. This combination can be achieved based at
least i part o the following observations: A, For low
motion sequences, prediction chains are long and a
sigrilflcartt portion of the information required to
reconstruct a superirame or scene is contained i
theJ-frame that occurred at the start of the scene. B
Channel errors tend to be bursty and when a fade
strikes and FEC and channel coding fail there is heavy
residual error that concealment fails. C. This Js
particularly severe for low .motion (and hence low bit
rate) sequences since the amount of coded data is not
significant enough to provide good time diversity
within the video bifstream and because these are
highly compressible sequences that renders every bit
all the more important for recon truction D. High
motion sequences are more robust to errors due to the
nature of content - more new information in every
frame increases the number of coded intra blocks which
are independently decodable and more resilient to
error inherently. 



E. Adaptive iatra-refresh (AIR), based on prediction
hierarchy achieves high performance for high motion
sequences and performance improvement is not.
significant for low motion sequences. F. Hence a
channel switch frame containing most of the 3-frame is
a good source of diversity for low motion sequences.
When a error strikes a superframe, decoding in the
consecutive frame starts o the CSF which recovers the
lost informa on due to prediction. Thus error
resilience is achieved. G. In the case of high motion
sequences, the CSF consists of blocks that persist in
the superframe, i.e.. those that are good predictors.
AU other regions of the CSF do not have to be coded
since these are blocks that have short prediction
chains, 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 (f) and (g) above: H.I . CSFs for
low motion sequences are on par with the size of
I-frares they may be coded at a lower bit rate through
heavier quantization, andH.2. CSFs for high motion
sequences are much smaller than the corresponding
-frameb,  . Scalability to support hierarchical
modulation in physical layer technologies requires
data partitioning of th video bitstream with specific
bandwidth ratios. These are not always the ideal
ratios for optimal scalability (easi overhead). FLO.
for x pl only, requires 2-layer scalability with 1:1
bandwidth ratio. Hence partitioning video bitstream to
2-layers of equal size is not efficient for low motion
bUrate) sequences. The base layer containing ail
header and metadata information is larger than the
enhancement layer. However, since CSFs for low motion
sequences are larger, they fit nicely i the remaining
bandwidth in. the enhancement layer. Hence error
resilience based on prediction hierarchy works well
with scalability and a highly efficient layered coding
is achieved. K. For high motion sequences, there is
sufficient residual information that data partitioning
to may be achieved with the least overhead. Moreover,
CSFs for 



such seqxiences can be much smaller. Thus, error
resilience based on prediction hierarchy can work well
with scalability for this case as well. L. Extending
the concepts discussed in (a) through (k) for moderate
motion clips is possible based on the descriptions of
these algorithms, which makes it easy to see that die
proposed concepts apply for video coding in general.
100100] The above system is merely illustrative of a
example of a multimedia streaming system where input
to the system is continuous (still discrete time
events, but never ending) stream of data and output to
the system Is a continuous stream of data. fbb O Those
of ordinary skill in the art would understand that
information and signals may be represented using any
of a variety of different technologies and techniques.
For example, data, 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, optical fields or
particles, or any combination thereof. |0  02] Those
of ordinary skill would further appreciate that the
various illustrative logical blocks, modules, and
algorithm steps described in connection with the
examplesdisclosed herein y be implemented as
electronic hardware, firmware, computer soft w re
middleware, microcode, or combinations thereof, Ta
clearly illustrate this interohangeabi ity of hardware
and software, various illustrative components, blocks,
modules ., circuits, and steps v b d c b d above
generally in terms of t ir functionality. Whether such
functionality is implemented a s hardware or wa e
depends upon the particular application a d design
constraints imposed on the overall system. Skilled
artisans may implement the described functionality i
varying ways for each particular application but such
implementation decisions should not be interpreted as
causing a departure from the scope of the disclosed
methods. [00103] The various illustrative logical
blocks, components, modules, and circuits described in
connection with the examples disclosed herein may be
implemented or performed with a general purpose
processor, a digital signal processor (DSP). an
application specific integrated circuit (ASIC), a
field programmable gate array (FPOA) 



or other programmable logic device. discrete gate or
transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor
may be any conventional processor, controller,
microcontroller, or state machine. A processor may
also be implemented a a co bination of computing
devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core or
ASXC core, or any other such configuration. 100104]
The steps of a method or algorithm described
connection with the examples disclosed herein may be
embodied directly in hardware, in a software module
executed by a processor, or i a combination of the
two. A software module may reside in RAJ I memory,
flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, an
optical storage medium, or any other form of storage
medium known i the art. An example storage medium is
coupled to the processor such that the processor can
read information from, and wr i e information to the
storage medium. In the alternative, the storage medium
may be integral to the processor. The processor and
the storage medium may reside in an Application
Specific integrated Circuit (ASLC). The ASIC may
reside in a wirelessmodem. In the alternative, the
processor and the storage medium may reside as
discrete components in the wireless modem. f0 .105]
The previous description of the disclosed examples is
provided to enable any person of ordinary skill in the
art to make or use the disclosed methods and
apparatus. Various modifications to t se examples will
be readily apparent to those skilled in the art, and
the principles defined herein may be applied to other
examples and additional elements may be added. 001O6]
Thus, methods and apparatus to perform highly
efficient encoding of multimedia data providing for
efficient decoding quality and error concealment have
been described.3.1 CLAIMS 



WHAT IS CLAMED IS: 1. A. method of processing
multimedia data, including plurality of video frames,
the method comprising; initializing a pixel-level
reference counter for a current frame; performing a
prediction of a next frame referring to the current
frame; and readjusting a macroblock bandwidth ap of
the current ame 2. The method of claim 1, w re n the
pixel-level reference counter is indexed to a width d
a heics?h' t of the current frame. 3. The method of
claim 2, wherein the pixel-level reference counter is
provided by a first equation, R( ,j) O where 0 < / <
W, 0 <j < H the width of the current frame, and i/is
the height of the current frame. 4. The method of
claim 3, wherein the prediction of the next frame
includes performing motion estimation for blocks of
the next frame. 5. The method of claim 1, further
including: incrementing the pixel-level reference
counter for each pixel of the current frame that is
referenced during the prediction of the next frame. 6.
The method of claim 5 wherein the macroblock bandwidth
map for the current frame is readjusted based at least
in part on the incremented reference counter. 7. The
method of claim. 6, wherein, for 16x16 macroblock
(x,y), readjusting the macroblock bandwidth map of the
current frame includes scaling bandwidth map values of
the maerobiock bandwidth map according to a second
equation, -v 1 .}) wherein C is a constant determined
by experiment, and RziJ) is the pixel-level reference
counter for the 16x16 macroblock (x,y).8. The method
of claim 1, farther including repeating the steps of
initializing, performing and readjusting for each next
frame in a plurality of next frames referring to the
current frame. 9. The method of claim 8, further
including encoding t e current frame based at. 



least in part on the readjusted macrobiock bandwidth
map of the current frame. 10. A processor, for
processing multimedia data including a plurality of
video frames, being configured to: initialise a
pixel-level reference counter for a current frame;
perform a prediction of next frame referring to the
current frame; and readjust a macrobiock bandwidth map
of the current frame. i 1. The processor of claim 10.
wherein the pixel-level reference counter is indexed
to a width and a. height of the current frame. 12. The
processor of claim I1, wherein the pixel-level
reference counter i provided by a first equation, R(K
-0, where Q< / < f ", 0 <j <H, Wis the width of the
current fr e and H i the height of the current frame.
13. The processor of claim 12, wherein the prediction
of the next frame includes a motion estimation
prediction for blocks of the next frame. 14. The
processor of claim .! 0 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 i4 further configured to readjust the macrobiock
bandwidth map far the current frame based t ieast in
part on the incremented pixellevel reference
counter.16. The processor of claim 15. further
configured to, for . 6x1.6 macroblocfc. (x,y), scale
bandwidth map values of the macrobiock bandwidth map
according to a second equation, C { / ) wherein C is a
constant determined by experiment, and R(IJJ h the
pixel-level reference counter for the 16x16
.macrobiock <x,y). 17. The processor of c a m 10
further configured to repeat the functions of initi li
e , perform and readjust for c next frame in a
plurality of nest frames .referring to the current
frame. 1S. The processor of claim 17, further
configured to encode t e current frame based at least
in part on the readjusted inacroboek bandwidth map of
the current frame. !9. An apparatus for processing
multimedia data, including a plurality of video 



frames, the apparatus comprising: a initializer for
initializing a pixel-level reference counter for
current frame; performer for performing a prediction
of a next frame referring to the current frame; nd a
readjuster for readjusting a macrob ock bandwidth map
of the current frame. 20. The apparatus of claim 1
wherein the pixel-level reference counter is indexed
to a width and a height of the current frame. 2 L The
apparatus of claim 20, wherein the pixel-level
reference counter is provided by a first equation,
RQ,J) -0, where 0 < / < W, 0 <j <H Wis the width of
the current frame, and His the height of the current
frame. 22. The apparatus of claim 2T 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: a incrementer for inererrsenlmg the
pixel-level reference counter for each pixel of the
current frame that is referenced during the prediction
of the next frame.24. The apparatus of claim 23,
wherein the readjuster further readj usts the
macroblock bandwidth map for the current frame based
at least in part on the incremented pixel-level
reference counter. 25. he apparatus of claim 24,
further including, for 16x16 maerobloek (x.y), a
scaler for scaling bandwidth map values of the
macrobtock bandwidth map according to a second
equation, C4 -T . . . . ( j), rei C is a constant
determined by experiment, and RdJ) the pixel-level
reference counter for the 1 1 maerobloek ( ,y)- 26.
The apparatus of claim 19. further including a
repealer to coordinate repeating the functions of the
initializer., performer and. readjuster for each next
frame in a plurality of next frames referring to the
current frame. 27. The apparatus of claim 26, further
including an encoder to encode the current frame based
at least in part on. the readjusted maerobloek
bandwidth map of the current 



frame. 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 e t frame
referring to the current frame; and means for
readjusting a maerobloek bandwidth map of the current
frame. 29. The apparatus of claim 28, wherein the
pixel-level reference counter is indexed to a width
and a height of the current frame. 30. The apparatus
of claim 29, wherein the pixel-level reference counter
is provided by a first equation, R(i,j) 0, where 0 < /
< W 0 <j <H, Fis the width of the current frame, and
ATis the height of the current frame. 3 1. The
apparatus of claim 30, wherein he means for prediction
of the next frame includes means for performing motion
estimation for blocks of the next frame.34 24. The
apparatus of claim 23, wherein the readjuster further
readjusts the macroblock bandwidth map for the current
frame based least i part on the incremented
pixel-level reference counter. 25. The apparatus of
claim 24 farther including, for 16x16 macroblock
(x,y), a sealer for scaling bandwidth map values of
the macroblock bandwidth map according to a second
equation, CJ + .. '. . ( . wherein C is a constant
determined by experiment, and Ru ) is the pixel-level
reference counter for the 16x16 macroblock < ,y). 26.
The apparatus of claim further including a repealer to
coordinate repeating the functions of the initializer
, performer and readjuster for each next frame i a
plurality of next frames referring to the current
frame. 27. The apparatus of claim 26, further
including an encoder Io encode the current frame based
at least in part on the readjusted macroblock
bandwidth map of the current 



frame. 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 next frame
referring to the current frame; and means for
readjusting a macroblock bandwidth map of t current
frame. 29. The apparatus of claim 28, wherein the
pixel-level reference counter is indexed to a width
and a heicmt of the current frame. 30. The apparatus
of claim 29, wherein the pixel-level reference counter
is provided by a first equation, R.(iJ}~ 0, where 0 <
/ < W 0 <j <H the width of the current frame, and
.//is the height of the current frame. 3 .1 . 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.35 32. The apparatus of claim 28, further
including: means for incrementing the pixel-level
reference counter for each pixel of the current fr
that is referenced during the prediction of the next
frame, 33. The apparatus of claim 32 wherein the
roacroblock bandwidth map tor the current frame is
readjusted based at least i part on the incremented
pixel-level reference counter. 34. The apparatus of
claim 33., wherein, tor 6x 16 raacroblock (x.y), the
means for .readjusting the maeroblock bandwidth map of
the current frame includes means for scaling bandwidth
map values of the macroblook bandwidth map according
to a second equation, C - . . -.. '. / ) wherein Cis a
constant determined by experiment, and R(Ij) i the
pixel-level reference counter for the I x l 6
macroblock <x,y). 35. The apparatus of claim 28,
further including means for repealing the means for
initializing, performing and readjusting for each next
frame in a plurality of next frames 



referring to the current frame. 36. The apparatus of
claim 35, further including means for encoding the
current frame based t least in part on. the readjusted
macroblock bandwidth map of the current frame. 37. A
machine readabl medium, for processing multimedia data
including a plurality of video frames, comprising
instructions that upon execution cause a machine to:
initialize a pixel-level reference counter for a
current frame; perform a prediction of a 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-level reference counter is indexed to a width
and a height of the current frame.36 39. The machine
readable medium of claim 38, wherein the pixel-level
reference counter is provided by a first equation, R
J) 0, where 0 < / < W 0 <j <  Wis the width of the
current frame, and H is the height of the current
frame. 40. The machine readable medium f claim 39,
further comprising instructions that upon executing
cause 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 to:
increment the pixel-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
instructions that upon executing cause the machine to
readjust the macroblock bandwidth a for the current
frame based at ieast in. part on the incremented
pixel-level reference counter. 43. The machine
readable medium of claim 42, further configured to,
for 16x1 6 rnacroblock (x y), scale bandwidth map
values of the macroblock bandwidth map according to a
second equation, C t - .. { >j), wherein C is a
constant 



determined by experiment, and R(iJ) is the pixel-level
reference counter for the 16x16 macroblock (c,y). 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 current frame. 45. The
machine readable medium of claim 44 further comprising
instructions that upon executing cause the machine to
encode the current frame based at least in. part o the
readjusted macroblock bandwidth map of the current
frame. 


