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METHOD AND APPARATUS FOR REDUNDANT VIDEO CODING

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial No.
60/793,539, filed 20 April, 2006, which is incorporated by reference herein in its

entirety.

FIELD OF THE INVENTION '
The present invention relates generally to video encoding and decoding and,

more particularly, to a method and apparatus for redundant video coding.

BACKGROUND OF THE INVENTION
In video transmission networks, video data can often be missing upon

delivery at the decoder end. This can be caused bymvarious reasons such as, for
example, network congestion, channel fading and interference, receiver buffei
overflow, and s0 forih. To maintain a certain level of end user viewing experiences,
error resilience is usually added in various ways 1o the bit streams by the encoder.

Redundant slice is a new ool introduced in the International Organization for
Standardization/International Electrotechnical Commission (ISO/EC) Moving Picture
Experts Group-4 (MPEG-4) Part 10 Advanced Video Coding (AVC)
standard/International Telecommunication Union, Telecommunication Sector (ITU-T)
H.264 recommendation (Hereinafter the "MPEG-4 AVC standard”) to improve the
video error robustness. Redundant slice provides a way to add source redundancy
by a video encoder. With redundant slice coding, a redundant representation of a
picture is coded, with possibly different coding parameters than the primary coded
picture. At the decd&er, when a primary slice is missing but its redundant slice is
available, the decoder reconstructs the picture by decoding the redundant slice, and
hence recovers part or all of the lost information.

The error resilience provided by redundant slice is at the expense of extra bit
rate. An ineffective design of redundant slice coding can consume a significant
amount of bit rate, while only providing limited capability of reducing video distortion.

The MPEG-4 AVC standard provides syniax for coding of redundant slices,
but does not spécify what type of information should be included in the coded
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redundant slice. There is no specified normative behavior in the MPEG-4 AVC
standard for encoding or decoding redundant slices.

A feature of various methods for implementing redundant slice is that not all
the bits spent on a redundant slice are effective in reducing delivered video
distortion. Some information coded into the redundant slices by the methods can be
readily obtained from other paris of the end-to-end system. This causes a waste of
bit rate and hence results in a decreased coding efficiency.

SUMMARY OF THE INVENTION
These and other drawbacks and disadvantages of the prior art are addressed

by the present invention, which is directed to a method and apparatus for redundant
video coding.

According 1o an aspect of the present principles, there is provided an
apparatus. The apparatus includes an encoder for encoding a redundant coded
picture corresponding to a source picture by selecting individual blocks in the source
picture for inclusion into the redundant coded picture.

According to another aspect of the present principles, there is provided a
method. The method includes encoding a redundant coded picture corresponding to
a source picture by selecting individual blocks in the source picture for inclusion into
the redundant coded picture. .

According to yet another aspect of the present principles, there is provided an
apparatus. The apparatus includes a decoder for decoding a redundant coded
picture when a primary picture corresponding to the redundant coded picture is
unavailable, by forming a concealed picture based on at least one previously coded
primary picture and a redundant decoded picture based on the redundant coded
picture and combining the concealed picture and the redundant decoded picture to
form a reconstructed picture.

According to still another aspect of the present principles, there is provided a
+ method. The method includes decoding a redundant coded picture when a primary
picture corresponding to the redundant coded picture is unavaifable, by forming a -
concealed picture based on at least one previously coded primary picture and a
redundant decoded picture based on the redundant coded picture and combining the

concealed picture and the redundant decoded picture to form a reconstructed
picture.
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These and other aspects, features and advantages of the present invention wiil
become apparent from the following detailed description of exemplary embodiments,
which is to be read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood in accordance with the
following exemplary figures, in which:

FIG. 1 shows a block diagram for an exemplary video encoder to which the
present principles may be applied, in accordance with an embodiment of the present
principles; ..

FIG. 2 shows a block diagram for an exemplary video decoder to which the
present principles may be appliéd, in accordance with an embodiment of the present
principles; |

FIG. 3 shows a flow diagram for an exemplary method for selecting blocks for

-including in a redundant coded frame, in'accordance with an embodiment of the
present principles;

FIG. 4 shows a flow diagram for an exemplary method for encoding a frame

~ with a redundant slice, in accordance with an embodiment of the present principles;
and

FIG. 6 shows a flow diagram for an exemplary method for decoding a frame
with a redundant slice, in accordance with an embodiment of the present principles.

DETAILED DESCRIPTION

The present invention is directed to a method and apparatus for redundant
video coding.

The present description illustrates the principles of the present invention. It
will thus be appre'ciated that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or shown herein, embody the
principles of the invention and are included within its spirit and scope.

All examples and conditional language recited herein are intended for
pedagogical purposes to aid the reader in understanding.the principles of the
invention and the concepts contributed by the inventor to furthering the art, and are
to be construed as being without limitation to such specifically recited examples and
conditions.
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Moreover, all statements herein reciting principles, aspects, and .
embodiments of the invention, as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof. Additionally, it is
intended that such equivalents include both currently known equivalents as well as
- equivalents developed in the future, i.e., any elements developed that perform the
same function, regardless of structure.

Thus, for example, it will be appreciated by those skilled in the art that the
block diagrams presented herein represent conceptual views of illustrative circuitry
embodying the principles of the invention. Similarly, it will be appreciated that any
flow charts, flow diagrams, state transition diagrams, pseudocode, and the like
represent various processes which may be substantially represented in computer
readable media and so executed by a computer or processor, whether or not such
computer or processor is explicitly shown. \

The functions of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capable of executing
software in association with appropriate software. When provided by a processor,
the functions may be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller” should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (“DSP") hardware, read-only
memory ("ROM”) for storing software, random access memory (“RAM”), and
non-volatile storage.

Other hardware, conventional and/or custom, may also be included.
Similarly, any switches shown in the figures are conceptual only. Their function may
be carried out through the operation of program logic, through dedicated logic,
through the interaction-of program cohtrol and dedicated logic, or even manually, the
particular technique being selectable by the implementer as more specifically
understood from the context.

In the claims hereof, any element expressed as a means for performing a
specified function is intended to encompass any way of performing that function
including, for example, a) a combination of circuit elements that performs that
function or b).software in any form, including, therefore, firmware, microcode or the
like, combined with appropriate circuitry for executing that software to perform the

4
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function. The invention as defined by such claims resides in the fact that the
functionalities provided by the various recited means are combined and brought
together in the manner which the claims call for. It is thus regarded that any means
that can provide those functionalities are equivalent to those shown herein.

Reference in the specification to “one embodiment” or “an embodiment” of the
present principles means that a partic,ulaf feature, structure, characteristic, and so
forth described in connection with the embodiment is included in at least one
embodiment of the present principles. Thus, the appearances of the phrase “in one
embodiment” or “in an embodiment” appearing in various places throughout the
specification are not necessarily all referring to the same embodiment.

Turning to FIG. 1, an exempfary video encoder to which the present principles
may be applied is indicated generally by the reference numeral.100.

An input to the video encoder 100 is connected in signal communication with
a non-inverting input of-a combiner 110. The output of the combiner 110 is '
connected in signal communication with a transtormer/quantizer 120. The output of
the transformer/quantizer 120 is connected in signal communication with an entropy ‘
coder 140. An output of the entropy coder 140 is available as an output of the .
encoder 100.

The output of the transformer/quantizer 120 is further connected in signal
communication with an inverse transformer/quantizer 150. An output of the inverse
transformer/quantizer 150 is connected in signal communication with an input of a
deblock filter 160. An output of the deblock filter 160 is connected in signal
communication with reference picture stores 170. A first output of the reference
picture stores 170 is connected in signal communication with a first input of a motion
estimator 180. The input to the encoder 100 is further connected in signal
communication with a second input of the motion estimator 180. The output of the
motion estimator 180 is connected in signal communication with a first input of a
maotion compensator 190. A second output of the reference picture stores 170 is
connected in signal communication with a second input of the motion compensator
190. The output of the motion compensator 190 is connected in signal
communication with an inverting input of the combiner 110.

Turning to FIG. 2, an exemplary video decoder to which the present principies
may be applied is indicated generally by the reference numeral 200.
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The video decoder 200 includes anentropy decoder 210 for receiVing a video
sequence. A first output of the entropy decoder 210 is connected in signal
communication with an input of an inverse quantizer/transformer 220. An output of
the inverse quantizer/transformer 220 is connected in signal communication with a
first non-inverting input of a combiner 240.

The output of the combiner 240 is connected in signal communication with an
input of a deblock filter 290. An output of the deblock filter 290 is connected in
signal communication with an input of a reference picture stores 250. The output of
the reference picture stores 250 is connected in signal communication with a first
input of a motion compensator 260. An output of the motion compensator 260 is
connected in signal communication with a second non-inverting input of the
combiner 240. A second output of the entropy decoder 210 is connécted in signal
communication with a second input of the motion compensator 260. The output of
the deblock filter 290 is available as an output of the video decoder 200.

The present principles are directed to a method and apparatus for redundant
video coding. When a redundant slice is coded at the encoder, the information that
can be recovered by the decoder error concealment for its primary coded picture is
considered. This information is used by the encoder to effectively reduce the
content necessary to be coded in the redundant coded picture, thus resulting in a
potential bit rate savings without sacrificing performance.- A corresponding signaling
method is described such that the encoder can efficiently inform the decoder about
the different handling of decoded areas when using a redundant slice to reconstruct
an original frame.

While primarily described herein with respect to the MPEG-4 AVC standard, it
is to be appreciated that, given the teachings of the present principles provided
herein, the present principles are not limited to solely the MPEG-4 AVC standard
and, thus, may be implemented with réspect to other video coding standards and
recommendations, while maintaining the scope of the present principles.

in an embodiment, an encoder codes a redundant slice for a given frame by
selecting whether individual blocks in the given frame should be included in the
coding region for the redundant slice. The encoder may include a module having a
decoder’s error concealment algorithm, whichis used by the decoder if a primary
picture for the given frame were lost. The encoder may use the module to select
which individual blocks of the given frame are to be included in the coding region for

6
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the redundant slice. A SKIP mode may be used to indicate that a block is not coded
in the redundant slice, and the encoder may be modified to guarantee that the SKIP
mode is not used for blocks that are included in the coding region of the redundant
coded slice. An'absolute-difference distortion measure may be used to determine
whether a block is included in the coding region. The absolute-difference distortion
measure may be based on the difference between (1) the result-of the error
concealment algorithm and (2) an expected result from the decoder if the primary
picture were not lost. A value of the absolute-difference distortion measure may be
compared to a threshold to determine whether to select the block, and the block may
be selected to be coded in the redundant coded picture (e.g., the redundant slice) if
the result exceeds the threshold. The block may have a size of 16x16.

In an embodiment, a decoder is configured to decode redundant slices when
the primary picture is not available at the decoder and the redundant coded picture
is available. The decoder forms an error-concealed picture (a concealed picture)
based on previously coded primary pictures, and forms a _redundant decoded picture
from the redundant slice, and combines these two pictures. A SKIP mode may be
used for a block to indicate that the concealed picture should be used, and not SKIP
mode for the redundant slice. The error concealment method may be frame copy or
motion copy. The block may have a size of 16x16.

As noted above, redundant slice is a new error resilience tool introduced in
the MPEG-4 AVC standard. Inthe MPEG-4 AVC standard, a primary coded picture
(PCP) is a coded picture representation that has normative effect on the decoding
process. Contrarily, a redundant coded picture (RCP) includes a coded
representation of a picture or a part of a picture without a normative effect on the
decoding process. A redundant coded picture can be coded by means of a
redundant slice. Therefore, when coding a redundant slice, the encoder has the
flexibility to use totally different coding parameters other than those of the primary
coded picture, such as different coding regions, quantization step sizes, and so forth.
At the decoder, a redundant slice is only decoded when the primary slice cannotbe
correctly reconstructed (e.g., the primary slice is missing or corrupied), otherwise the
redundant slice is discarded.

One issue that exists in the use df redundant slices is how to spend bits on a
redundant slice efficiently, according to its characteristics, to improve delivered video
error resilience. One goal may be to reduce the distortion of the delivered video

7
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presented to the end viewer, and this goal may be approached from an end-to-end
system perspective. '

Let £,,f,.f, be the n-th original frame, the encoder-reconstructed frame and
the decoder-reconstructed frame, in a video sequence, respectively. In'a video = -
transmission system, the total distortion D, of frame n perceived by the end viewer
includes source-induced distortion D, and channel-induced distortion D, which

are defined as follows:

) Dn = D.\'.n %Dr.n
D,,=EN/, -7}
D., = E{J, - /,*}

where E_{-} denotes the averaging-over-pixel operation, and E{} denotes the
concatenation of expectation and averéging-over-pixel operation. According to its
definition, a redﬁndant slice does not affect the decoding of a primary slice, so the
redundant slice cannot impact the source-induced distortion D,,. Therefore, we

focus on utilizing redundant slice coding to lower the channel-induced distortion D,,.

At the video decoder, when a coded video picture is detected missing or

corrupted, it is common to invoke some error concealment operation E.C{} to
recover the information. Generally, EC{} utilizes the correlation from spatial or

temporal neighbors to reconstruct the damaged region. Consider a special case
where a video sequence is coded in | P P P ... with Baseline profile by an MPEG-4
AVC encoder and a redundant slice is to be coded for a P-type pictt:lre.' Subﬁase
frame nis missing at the decoder, and the decoder conceals frame n based on the
previous available frame n-1, so that:

D, =E{7, - 7.2} £{7, - £c{F, I}

!

Based on the above observation, minimizing the term (f,, ~ E.C.{f,,_, }) can

effectively reduce D_, and hence D, as well.
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Error concealment often plays an important role in recovering lost information
at the decoder. In general, error concealment can conceal regions with little or slow-
motion effectively, while it may produce artifacts for regions with active and chaotic
motion. Nonetheless, except for some special cases such as scene change, a
significant amount of information can be recovered by error concealment for a lost
tframe. Meanwhile, there exists some well-defined, widely used error concealment
algorithms, such as frame-repeét and motion-copy algorithms.

To eliminate D,_, caused by the loss of frame n, most straightforwardly, its
redundant coded picture should include a duplicate of the frame. However, from the
end-to-end system perspective, the decoder is expected to recover part of the lost
information by error concealment. Therefore, if the encoder knows how the decoder
conceals the lost frame, then the recoverable information can be excluded from the
redundant slice coding at the encoder without any impact on reducing the distortion.
Also, at the decoder, the missing part of the information can be obtained by error
concealment. ' .

Presume the encoder is able to perform the error concealrﬁent operation that
the decoder performs to conceal a lost frame. Define the residual-distortion frame 7,
for frame n as follows:

- -~

fn =fn —fn =E'C'{fn—l}—fn
So f, depicts the distortion image produced when the single frame n is lost

and concealed by the error concealment operation. It is to be noted that if 7, is

. coded into a redundant slice and is available to the decoder, then according the
above equation, frame n can be completely recovered even if its primary slice is lost.

it is to be also noted that £, is obtainable by the encoder after the encoder performs
the encoding and the error concealment for frame n. Since the E.C.{f,,_,} operation
can reproduce much of the information for frame n, it can be expected that £,

includes less information than £, or £, and, thus, would cost the fewest bits if each

of these frames were coded.
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However, due to the predictive coding nature of video compressién, directly
coding the residual frame is usually far less efficient than coding the original frame,
in that temporal correlation cannot be utilized. To address this problem but with the

goal of reducing D,,, the following approach is taken. After obtaining frame f,, the

encoder checks which regions in £, include significant distortion. After identifying all
such regions in f,, the encoder selects the corresponding ones. in the original frame

f, and copies them into the redundant slice to code. Since the encoder codes the

areas directly from the original frame, the main coding gain from predictive coding is -
preserved. Meanwhile, since only selected regions from the original frame are
coded in the redundant slice, less bit rate cost can be achieved.

The procedure of selecting distortion regions is carried out on'a block by
block basis. Presume PAD (pixel absolute difference) is the distortion measure. Of
course, it is to be appreciated that the use of pixel absolute difference is for
illustrative purposes and, thus, other distortion measures may also be utilized in
accordance with the teachings of the present principles, while maintaining the scope
of the present principles. Suppose each block is of size Lx L in pixels. Define Thy

as the threshold of the pixel absolute difference and a pixel in f, is regarded as

distorted whenever its pixel absolute difference value is above Th;. Define Th, as
the threshold of the number of pixels and a block is regarded as distorted whenever
there are more than Th; pixels in the block that are regarded as distorted. An
embodiment showing the selection procedure is shown and described with respect
to FIG. 1. Notice that the thresholds Th; and Th; directly control the percentage of
the original frame, or equivalently the amount of redundancy to be coded into the
redundant slice. Lowering the thresholds includes more areas into the redundant
slice, and vice versa. By including more areas from the original frame into the
redundant slice, more areas of the decoded frame can be correctly reconstructed
and, hence, it decreases the distortion of the frame and the associated error |
propagation, but at the expense of more bit rate.

~In the above pixe! absolute difference analysis, multiple components (e.g.,
RGB or YUV) may be summed. Alternatively, an absolute difference distortion
measure may be used on a single component of a pixel sbch as, for example,
luminance, and the pixel absolute differenqe value for the single component may be

10
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compared to a threshold. Further, in other implementations, a pixel absolute
difference analysis may be performed on the entire block, summing the absolute
differences for each pixel in the block, and comparing the sum to a threshold.

One advantage of the above approach is its simplicity. Distortion area
selection is on a per block basis, so that existing data structures in the encoder can
be utilized. To realize the described functionality, in an embodiment, only an error
concealment module and very limited compare-and-copy operations need to be
added to the encoder. Since there are many simple off-the-shelf error concealment
algorithms, the extra complexity added to the encoder is limited. Once the areas to
be coded in the redundant slice are determined, the encoder has the flexibility to
choose appropriate parameters to code the slice. We choose to code with a coarser
quantization step size. With this approach, the original frame represented by a
redundant slice has a larger source distortion than the primary slice, but it also costs
fewer bits to code. Compared to the distortion caused when a primary slice with no
redundant slice is lost, the source distortion is generally much smaller and less
noticeable by decoding the redundant slice. Another advantage of using a coarser
quantization step size is that the redundant slice can typically be encoded by the
normal encoding routine with only minor changes, which will be discussed
hereinafter. Using other coding methods to code the redundant slice are aiso
possible. .

At the decoder, a frame can be reconstructed as follows when its primary
slice is missing but its redundant slice is available. The decoder obtains a
concealed frame by error concealment and a redundant coded picture by decoding
the redundant slice. Then the decoder merges the two frames together to form the
reconstructed frame. In merging the two frames, when a block area is identified as
being coded in-the redundant slice, the block area is copied from the corresponding
location in the redundant coded picture. Otherwise, the block érea is copied from
the corresponding location in the concealed frame.

The 16x16 block size, which is a fulf MB (macroblock), can be used as the
unit size for applying the threshold and determining which regions are to be coded in
the redundant coded picture. Other smaller block sizes, or larger block sizes, may
also be used. '

With the described method, the encoder selects some macroblocks from the
original frame to be coded into the redundant slice, and the decoder decodes these

11
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macroblocks and merges them with the concealed frame to reconstruct the original
frame. Advantageously, the present principles allow for macroblocks that are not
selected in the redundant slice to be represented with minimal overhead. Moreover,
advantageously, the present principles allow for the decoder to be informed of .
whether or not a macroblock is selected when decoding a redundant slice. Inan
embodiment directed to keeping the overhead low and re-using most existing

- functions in the encoder/decoder, we redefine SKIP mode to serve as the signaling
mechanism between the encoder and decoder when coding the redundant slices.

Sbecifically, when a redundant slice is encoded at the encoder, for those
macroblocks that are not selected from the original frame, the encoder forces them
to be coded in SKIP mode. Meanwhile, for those macroblocks that are copied from
the original frame, the encoder disables the use of SKIP mode when they are coded.
At the decoder, when a redundant slice is decoded; a 2-dimension array
skip_mode_map is created, with each element recording whether a macroblock is
coded in SKIP mode or not. Once the entire redundant slice is decoded,
skip_mode_map is filled up. During the next step of merge, for each macroblock in
the reconstructed frame, the decoder checks skip_mode_map to determine which
frame to copy from, either from the concealed frame if the macroblock is coded in
SKIP, or from the redundant coded picture otherwise. '

With this approach, the existing encoding and decoding routines can be re-
used for coding redundant slices, and it avoids the complexity of defining new syntax
as a signaling mechanism. Furthermore, with this approach, those macroblocks not
selected into the redundant slice can be efficiently coded because SKIP mode only
takes very few bits to code. On the other hand, disabling SKIP mode for those
selected macroblocks causes limited coding efficiency loss. This is due in part to the
fact that, when the error concealment is effective, those macroblocks with excessive
distortion are also unlikely to be coded in SKIP mode in regular coding. The
encoder needs to be adjusted to ensure that SKIP mode is not selected when codmg
the macroblocks in the redundant coded picture.

It is to be appreciated that much of the above discussion focused on a single
implementation for clarity purposes. However, it is to be further appreciated that,
given the teachings of the present principles provided herein, other implementations
are possible, for example, by varying one or more deiails of the above described
embodiments and implementations, while maintaining the scope of the present

12
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principles. For example, although the method of reduidant slice coding is described
in the case of P reference pictures, it can be straightforwardly applied to other types'
of frames, such as | frames, B frames, and so forth. The method of redundant slice
coding also may be applied, for example, to instantaneous decoding refresh (IDR)
frames.

Further, the aspect of coding a portion of a given frame a second time may be
applied generally to other video compression standards and communication
systems, and is not restricted to only the MPEG-4 AVC standard. For example,
other communication systems may provide a second coding for the portion of the
given frame that cannot be replicated in a decoder upon loss of a first encoding of
the given frame.

An embodiment may include a signaling mechanism, such as, for example,
the use of the SKIP mode described above, or some other mechanism for indicating
which regions in a given frame are encoded a second time and/or indicating how
those regions are encoded. A signaling mechanism may use existing elements (for
example, the SKIP mode) of a standard, such as, for example, the MPEG-4 AVC
standard, or may define a new syntax. Whether the signaling mechanism uses an
existing element or defines a new syntax, the resulting bit stream sent from, for
example, the encoder to the decoder may be formed in accordance with a signal
format indicating which regions in a given frame are encoded a second time and/or
indicating how those regions are encoded.

Given the teachings of the present principles provided herein, these and other
variations and implementations and signaling methods of the present principles, as
well as other standards/recommendations and communication systems to which the
present principles may be applied, are readily determined by one of ordinary skill in
this and related arts, while maintaining-the scope of the present principles.

Turning to FIG. 3, an exemplary method for selecting blocks for including in a
redundant coded frame is indicated generally by the reference numeral 300.

The method 300'includes a start block 305 that passes control to a function

block 310. The function block 310 inputs frames £, and f,, and passes control to a

loop limit block 315. The loop limit block 315 begins a loop for each LxL block in
frame f,, and passes control to a function block 320. The function block 320 sets

num_pixel_cnt equal to zero, and passes control o a loop limit block 325.  The loop

13
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limit block 325 begins a loop for each pixel in the block (j, j <= L), and pesses control
to a decision block 330. The loop limit block 330 determines whether or not

[ < Th,. If so, then control is passed to a loop limit block 335. Other\Nise,

control is passed to a function block 355. .

The loop limit block 335 ends the loop over each pixel in the block, and
passes control to a decision block 340. The decision block 340 defe}mines whether
or not num_pixel_cnt > Thy. If so, then control is passed to a function block 345.
Otherwise, control is passed to a function block 350.

The function block 345 selects the corresponding block in £, for copying into

the redundant coded picture (RCP), and passes controf to a loop limit block 350.
The loop limit block 350 ends the loop over each block in the frame, and passes
control to an end block 399. ‘

The function block 355 increments num_pixel_cnt by one, and passes control
to the Ioop limit block 335. ’ _

Turning to FIG. 4, an exemplary method for encoding a frame with a
redundant slice is indicated generally by the reference numeral 400. _

The method 400 includes a start block 405 that passes control to a function
block 410. The function block 410 inputs video frame n (non-IDR, reference frame),
and passes control to a function block 415. The function block 415 codes the
primary slice, and passes control to a function block 420. The function block 420
performs error concealment for frame n, and passes control to a function block 425.
The function block 425 performs distortion area selection to form the content of the
redundant slice, and passes control to a loop limit block 430. The loop limit block
430 begins a loop for each macroblock in the redundant slice, and passes control to
a decision block 440. The decision block 440 determines whether or not this
macroblock is selected for copying into the redundant slice. If so, then control is
_passed to a function block 445. Otherwise, control is passed to a function block 460. _

The function block 445 disables only SKIP mode, and passes control to a
function block 450. The function block 450 performs regular encoding of the
macroblock, and passes control to a loop limit block 455. The loop limit block 455

ends the loop for each macroblock in the redundant slice, and passes control to an
end block 499.
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The function block 460 disables all macroblock coding modes except SKIP
mode, and passes control to the function block 450.

Turning to FIG. 5, an exemplary method for decoding a frame with a
redundant slice is indicated generally by the reference numeral 500.

The method 500 includes a start block 505 {hat passes control to a function
block 510. The function block 510 inputs a slice(s) for frame n, and passes control
to a decision block 515. The decision block 515 determines whether or not the
primary slice is present. If so, then control is passed to a function block 520.
Otherwise, control is passed to a decision block 530. '

The function block 520 decodes the primary slice, and passes control to a
function block 525. The function block 525 discards the redundant slice, and passes
control to an end block 599. The end block 599 ends the decoding of the frame.

The decision block 530 determines whether or not the redundant slice is
present. If so, the control is passed to a function block 535. Otherwise, control is
passed to a function block 575.

The function block 535 obtains the concealed frame, and passes control to a
function block 540. The function block 540 initializes the skip_mode_map structure,
and passes control to a function block 545. The function block 545 decodes the
redundant slice, fills in the slip_mode_map structure, and passes control to a loop
limit block 550. The loop limit block 550 begins a loop over each macroblock in the
reconstructed frame, and passes control to a decision block 555. The decision block
555 determines whether or not the macroblock is in SKIP mode according to
skip_mode_map. If so, then control is passed to a function block 560. Otherwise,
control is passed to a function block 570. '

The function block 560 copies the macroblock from the concealed frame, and
passes control to a loop limit block 565. The loop limit block 565 ends the loop for
each macroblock in the reconstructed frame, and passes control to an end block
599. The end block 599 ends the decoding of the frame. _

The function block 575 conceals the frame, and passes control to the end
block 599. |

The function block 570 copies the macroblock from the decoded redundant
slice, and passes control to the loop limit block 565.

A description will now be given of some of the many atténdant
advantages/features of the present invention, some of which have been mentioned
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above. For example, one advantage/feature is an apparatus having an encoder for
encoding a redundant coded picture corresponding to a source picture by selecting
individual blocks in the source picture for inclusion into the redundant coded picture.
Another advantage/feature is the apparatus having the encoder as described above,
wherein the encoder selects the individual blocks using a decoder error concealment
operation that considers when a primary picture corresponding to the redundant
coded picture is unavailable at a decoder. Yet another advantage/feature is the
apparatus having the encoder as described above, wherein the encoder uses SKIP
mode to indicate that a particular one of the individual blocks is not coded in the
redundant coded picture. Still another advantage/feature is the apparatus having
the encoder as described above, wherein the encoder is configured to ensure that

. the SKIP mode is prohibited from use for any of the individual blocks coded in the
redundant coded picture. Moreover, another advantage/feature is the Aapparatus
having the encoder as described above, wherein the encoder selects the individual
blocks based on a distortion measure. Further, another advantage/feature is the
apparatus having the encoder that selects the individual blocks based on a distortion
measure as described above, wherein the distortion measure is calculated using
pixel absolute difference. Also, another advantage/feature is the apparatus having
the encoder as described above, wherein the encoder selects the individua) blocks
by respectively classifying each of pixels in a distortion image as distorted when a
respective distortion measure between a particular one of the pixels in the distortion
image and a corresponding pixel in the source image is greater than a first threshold
and respectively selecting any of the individual blocks.having a respective number of .
distorted pixels greater than a second threshold.- Additionally, another
‘advantage/feature is the apparatus having the encoder that selects the individual
blocks using the pixel classification and the first threshold as described above,
wherein the distortion image represents a difference between an encoder-
reconstructed picture and a decoder reconstructed image formed using a decoder
error concealment operation. Moreover, another advantage/feature is the apparatus
having the encoder that selects the individual blocks using the pixel classification
and the first threshold as described above, wherein the distortion image is calculated
using a decoder concealment operation applied to an encoder-reconstructed picture
corresponding to the source picture and another encoder-reconstructed picture
corresponding to another source picture immediately preceding the source image.
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-Further, another advantage/feature is the apparatus having the encoder that selects
the individual blocks using the pixel classification and the first threshold as described
above, wherein any of the individual blocks having the respective number of
distorted pixels greater.than the second threshold are classified as distorted. Also,
another advantage/feature is the apparatus having the encodér as described above,
wherein each of the individual blocks have a block size of 16x16.

The details of one or more implementations are set forth in this disclosure.
However, other features will be apparent from the disclosure. The various aspects,
implementations, and features in this disclosure may be implemented in one or more
of a variety of manners, even if described above using only one manner. For
example, the various aspects, implementations, and features may be implemented
using, for example, one or more of a method, an apparatus, an apparatus for
performing a method, a program or other set of instructions, an apparatus that
includes a program or a set of instructions, and a computer readable medium. The
computer readable medium may include, for example, instructions, software,
images, and other data. '

As suggested above, imvplementations may include one or more devices
configured to perform one or more processes. A device may include, for example,
discrete or integrated hardware, firmware, and software. Such a device may
include, for example, a processor, which refers to processing devices in general,
including, for example, a microprocessor, an integrated circuit, or a programmable

"logic device. One implementation includes, therefore, an encoder and a decoder
running software for implementing one or more of the described algorithms.

A device also may include one or more computer readable media having
instructions for carrying out one or more processes. The computer readable
medium may include, for example, a storage device such as, for example, a hard
disk, a compact diskette, a random access mefnory ("RAM?”), or. a read-only memory.
(“ROM”). A computer readable medium also may include, for example, formatted
electromagnetic waves encoding or transmitting instructions. Instructions may be,
for example, in hardware, firmware, software, or in an electromagnetic wave.
Instructions may be found in, for example, an operating system, a separate
application, or a combination of the two. A processor may be characterized, -
therefore, as, for example, both a device configured to carry out a process and a
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device including computer readable media having instructions for carryirig outa
process.

Additionally, it will be understood that various modifications may be made.
For example, elements of different implementations rﬁay be combined, -
supplemented, modified, or removed to produce other implementations.
Accordingly, other implementations are within the scope of the present principles.

These and other features and advantages of the present invention may be
readily ascertained by one of ordinary skill in the pertinent art based on the
teachings herein. It is to be understood that the teachings of the present invention
may be implemented in various forms of hardware, software, firmware, special
purpose processors, or combinations thereof.

‘Most preferably, the teachings of the present invention are imblemented asa
combination of hardware and software. Moreover, the software may be
implemented as an application program tangibly embodied on a program storage
unit. The application program may be uploaded to, and executed by, a machine
comprising any suitable architecture. Preferably, the machine is implemented on a
computer platform having hardware such as one or more central processing units
(“CPU"), a random access memory (“RAM"), and input/output (“1/O”) interfaces. The
computer platform may also include an.operating system and microinstruction code.
The various processes and functions described herein may be either part of the
microinstruction code or part of the application program, or any combination thereof,
which may be executed by a CPU. In addition, various other peripheral units may be
connected to the computer platform such as an additional data storage unit and a
printing unit.

It is to be further understood that, because some of the constituent syétem
components and methods depicted in the accompanying drawings are preferably
implemented in software, the actual connections between the system components or
the process function blocks may differ depending upon the manner in which the
present invention is programmed. Given the teachings herein, one of ordinary skill
in the pertinent art will be able to contemplate these and similar implementations or
cohfigurations of the present invention.

Although the illustrative embodiments have been described herein witﬁ
reference to the accompanying drawings, it is to be understood that the present
invention is not limited to those precise embodimehts, and that various changes and
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modifications may be effected therein by one of ordinary skill in the pertinent art
without departing from the scope or spirit of the present invention. All such changes
and modifications are intended to be included within the scope of the present
invention as set forth in the éppended claims.
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CLAIMS:

1. An apparatus, comprising:

an encoder (100) for encoding a redundant coded picture corresponding to a
source picture by selecting individual blocks in the source picture for inclusion into
the redundant coded picture.

2. The apparatus of claim 1, wherein said encoder (100) selects the
individual blocks using a decoder error concealment operation that considers when a
primary picture corresponding to the redundant coded picture is unavailable at a
decoder.

3. The apparatus of claim 1, wherein said encoder (100) uses SKIP mode
to indicate that a particular one of the individual blocks is not coded in the redundant
coded picture.

4, The apparatus of claim 1, wherein said encoder (100) is configured to
ensure that the SKIP mode is prohibited from use for any of the individual blocks
coded in the redundant coded picture. '

5. The apparatus of claim 1, wherein said encoder (100) selects the
individual blocks based on a distortion measure.

6. The apparatus of claim 5, wherein the distortion measure is calculated
using pixel absolute difference.

7. The apparatus of claim 1, wherein said encoder (100) selects the
individual blocks by respectively classifying each of pixels in a distortion image as
distorted when a respective distortion measure between a particular one of the
pixels in the distortion image and a corresponding pixel in the source image is
greater than a first threshold and respectively selecting any of the individual blocks
having a respective number of distorted pixels greater than a second threshold, .
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8. The apparatus of claim 7, wherein the distortion image represents a
difference between an encoder-reconstructed picture and a decoder reconstructed
image formed using a decoder error concealment operation.

9. The apparatus of claim 7, wheréin the distortion image is calculated
using a decoder concealment operation applied to an encoder-reconstructed picture
carresponding to the source picture and another encoder-reconstructed picture
corresponding to another source picture immediately preceding the source image.

10.  The apparatus of claim 7, wherein any of the individual blocks having
the respective number of distorted pixels greater than the second threshold are
classified as distorted.

11.  The apparatus of claim 1, wherein each of the individual blocks have a
block size of 16x16. '

- 12. A method, comprising:
encoding a redundant coded picture corresponding to a source picture by .
selecting individual blocks in the source picture for inclusion into the redundant
coded picture (345).

13. The method of claim 12, wherein said encoding step selects the
individual blocks using a decoder error concealment operation that considers when a
primary picture corresponding to the redundant coded picture is unavailable at a
decoder (420). '

14. The method of claim 12, wherein said encoding step uses SKIP mode
to indicate that a particular one of the individual blocks is not coded in the redundant
coded picture (445).

15.  The method of claim 12, wherein said encoding step is configured to
ensure that the SKIP mode is prohibited from use for any of the individual blocks
coded in the redundant coded picture (445). '
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"16. The method of claim 12, wherein said encoding step selecfs the
individual blocks based on a distortion measure (425).

17.  The method of claim 16, wherein the distortion measure is calculated
using pixel absolute difference. '

18. The method of claim 12, wherein said encoding Step selects the
individual blocks by respectively classifying each of pixels in a distortion image as
distorted when a respective distortion measure between a particular one of the
pixels in the distortion image and a corresponding pixel in the source imaige is
greater than a first threshold and respectively selecting any of the individual blocks
having a respective number of distorted pixels greater than a second threshold (330,
340, 345).

18.  The method of claim 18, wherein the distortion image represents a
difference between an encoder-reconstructed picture and a decoder reconstructed
image formed using a decoder error concealment operation:

20. The method of claim 18, wherein the distortion image is calculated
using a decoder concealment operation applied to an encoder-reconstructed picture
corresponding to the source picture and another encoder-reconstructed picture
cosresponding to another source picture immediately preceding the source image.

21.  The method of claim 18, wherein any of the individual blocks havmg
the respective number of distorted pixels greater than the second threshold are
classified as distorted (340).

22. The method of claim 12, wherein each of the individual blocks havea
block size of 16x16. '

23. Avideo signal structure for video encoding, comprising:

a redundant coded picture corresponding to a source picture encoded by
selecting individual blocks in the source picture for inclusion mto the redundant
coded picture.
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24. A storage media having video signal data encoded thereupon,
comprising: '

a redundant coded picture corresponding to a source picture encoded by
. selecting individual blocks in the source picture for inclusion into the redundant
coded picture.

25.  An apparatus, comprising:

a decoder (200) for decoding a redundant coded picture when a primary
picture corresponding to the redundant coded picture is unavailable, by forming a
concealed picture based on at least one previously coded primary picture and a=
redundant decoded picture based on the redundant coded picture and combining the
concealed picture and the redundant decoded picture to form a reconstructed
picture.

26. The apparatus of claim 25, wherein said decoder (200) uses the
concealed picture to decode an individual block When the individual block is encoded
using SKIP mode, and uses the redundant coded picture to decode the individual
_ block when the individual block is encoded using a non-SKIP mode.

27. The apparatus of claim 26, wherein the concealed picture is formed
using frame copy. ‘

28.  The apparatus of claim 26, wherein the concealed picture is formed
using motion copy. - .

29.  The apparatus of claim 26, wherein each of the individual blocks have
a block size of 16x16.

30. A method, comprising:

décoding a redundant coded picture when a primary picture corresponding to
the redundant coded picture is unavailable, by forming a concealed picture based on
at least one previously coded primary picture and a redundant decoded picture
based on the redundant coded picture and combining thé concealed picture and the
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redundant decoded picture to form a reconstructed picture {530, 535, 545, 5565, 560,
570). :

31.  The apparatus of claim 30, wherein said decoding step uses the
concealed picture to decode an individual block when the individual block is encoded
using SKIP mode, and uses the redundant coded picture to decode the individual
block when the individual block is encoded using a non-SKIP hode (560, 570).

32. The apparatus of claim 31, wherein the concealed picture is formed
using frame copy.

33. The apparatus of claim 31, wherein the concealed pict{:re is formed
using motion copy.

34. The apparatus of claim 31, wherein each of the individual blocks have
a block size of 16x16. .
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