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(54) COMPLEXITY-AWARE ENCODING

(57) There is provided a video data coding method,
comprising: before encoding a current frame of the video
data: determining a decoding capability of a decoder
(112) based on a state of the decoder (112); determining
a frame complexity based on at least one of a content
complexity of the current frame or a significance of the

current frame relative to other frames of the video data;
and estimating a target decoding complexity for decoding
the current frame based on the determined decoding ca-
pability and the determined frame complexity; and en-
coding the current frame within the estimated target de-
coding complexity.
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Description

BACKGROUND OF THE INVENTION

[0001] Typically, the selection of one or more encoding schemes at an encoder for data, such as frames of a video
sequence, is determined without knowledge or consideration of the effect particular encoding decisions and/or sequences
of decisions will have on the dynamic state of a decoder that is being used and/or is to be used to decode the encoded
data. Most commonly, data is encoded in a manner that balances data transfer rate against distortion without consideration
of the effect on the dynamic state of a particular decoder, and minimum decoder and/or decoding system requirements
to ensure adequate decoding are specified, essentially limiting use to users having decoders that meet the minimum
requirements. As a result, if the decoding of one or more portions of the encoded data cannot be adequately handled
by the decoding resources available at a particular decoder, degradation in the decoding performance and compromised
playback quality may be experienced. It would be desirable for the decoding of encoded data to be within the decoding
capabilities and resources at a decoder.
[0002] Thus, there is a need for an improved manner to encode data based on knowledge of target decoders.
[0003] US 5,952,943 discloses encoding image data for decode rate control. WO 2005/101851 A1 discloses a method
and apparatus for frame prediction in hybrid video compression to enable temporal scalability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Various embodiments of the invention are disclosed in the following detailed description and the accompanying
drawings.

Figure 1A illustrates a typical embodiment of a codec.

Figure IB illustrates an embodiment of a codec in which data is encoded with different encoding schemes.

Figure 2 illustrates an embodiment of a process for encoding data.

Figure 3 illustrates an embodiment of a process for encoding video data.

Figure 4 illustrates an embodiment of a process for determining an encoding scheme for a frame of video data.

Figure 5 illustrates an embodiment of a process for encoding a frame.

Figure 6 illustrates an embodiment of a process for determining an encoding scheme for a frame and the associated
cost or complexity of the frame.

Figure 7 illustrates an embodiment of a process for adjusting the toolset used for the encoding of a frame.

Figure 8 illustrates an embodiment of a process for pre-processing one or more frames.

Figure 9 illustrates an embodiment of a process for gracefully degrading the decoding of an encoded frame at a
target decoder.

DETAILED DESCRIPTION

[0005] There is provided a video data coding method according to the appended claims.
[0006] The invention can be implemented in numerous ways, including as a process, an apparatus, a system, a
composition of matter, a computer readable medium such as a computer readable storage medium or a computer
network wherein program instructions are sent over optical or electronic communication links. In this specification, these
implementations, or any other form that the invention may take, may be referred to as techniques. A component such
as a processor or a memory described as being configured to perform a task includes both a general component that
is temporarily configured to perform the task at a given time or a specific component that is manufactured to perform
the task. In general, the order of the steps of disclosed processes may be altered within the scope of the invention.
[0007] A detailed description of one or more embodiments of the invention is provided below along with accompanying
figures that illustrate the principles of the invention. The invention is described in connection with such embodiments,
but the invention is not limited to any embodiment. The scope of the invention is limited only by the claims and the
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invention encompasses numerous alternatives, modifications and equivalents. Numerous specific details are set forth
in the following description in order to provide a thorough understanding of the invention. These details are provided for
the purpose of example and the invention may be practiced according to the claims without some or all of these specific
details. For the purpose of clarity, technical material that is known in the technical fields related to the invention has not
been described in detail so that the invention is not unnecessarily obscured.
[0008] Techniques for encoding data based at least in part upon an awareness of the decoding complexity of the
encoded data and the ability of a target decoder to decode the encoded data are disclosed. In some embodiments, a
set of data is encoded based at least in part upon a state of a target decoder to which the encoded set of data is to be
provided. In some embodiments, a set of data is encoded based at least in part upon the states of multiple decoders to
which the encoded set of data is to be provided.
[0009] Figure 1A illustrates a typical embodiment of a codec. As depicted, an encoder 102 encodes media data, such
as audio, video, audiovisual, and/or other multimedia content, and provides encoded data 104 to one or more decoders
106. Depending on the embodiment, the encoded data is provided via a network or other communication channel; stored
on a volume of movable media, such as a DVD or CD; transmitted via radio frequencies, such as a digital radio broadcast
or a wireless network connection; stored on a server and made available for download and subsequent playback on a
PC, portable music/video player, or other device; etc. At a decoder 106, the encoded data 104 is decoded to retrieve
the encoded content, for example, for displaying, playback, editing, etc. As shown in the given example, it may be
desirable to provide the encoded data 104 to a plurality of decoders 106 on potentially different types of devices, such
as handheld computing devices, laptops, desktops, set top boxes, mp3 players, etc. However, the resources available
for decoding may vary across different types of devices and different types of decoders. Factors such as available
processing speed, power consumption limitations, available memory, factors associated with decoder architecture (e.g.,
the extent of parallel processing possible), the computational complexity of the available decoding algorithm, etc., affect
decoding performance at each decoder.
[0010] The encoding of data at an encoder is typically determined without consideration of the effect particular encoding
decisions and/or sequences of decisions will have on the dynamic state of a decoder that is being used and/or is to be
used to decode the encoded data. Data with a particular encoding scheme is typically associated with minimum processing
requirements that need to be performed at the decoder side to adequately uncompress the encoded data. If a decoder
is not able to provide the minimum processing requirements, decoding of the encoded data at such a decoder may not
be possible at all or may at least in part be compromised, e.g., the quality of the decoder output may be affected due to
one or more decoding operations not being performed, the decoder might start dropping or skipping data, etc. In the
configuration of Figure 1A, data with the same encoding 104 is provided to a plurality of decoders 106. However, given
the same encoding scheme of the data, the manner and quality of decoding the encoded data 104 by the different
decoders 106 may be different depending on the availability of decoding resources at each decoder 106.
[0011] In order to provide to a target decoder encoded data with an encoding scheme that can adequately be handled
by available decoding resources at the target decoder, encoding data at an encoder based at least in part upon knowledge
of a current and/or projected state of the target decoder to which the encoded data is to be provided is disclosed. As is
disclosed herein, in order to make data available to a variety of devices with potentially different decoding capabilities
and resources, or to make data available to a single type of decoder in a manner that takes into consideration the effect
of encoding decisions on a dynamic (current, future, and/or predicted) state of a target decoder, in some embodiments
for each target decoder encoding decisions are made based at least in part upon knowledge of the decoding resources
available at the target decoder. In some embodiments, encoding data based at least in part upon a past, current, future,
and/or predicted state of the decoder to which the encoded data is to be provided results in improved decoding perform-
ance to be experienced at a target decoder by allowing the optimal or near optimal decoding potential at the target
decoder to be realized while still conforming to associated decoding constraints at the target decoder. In some embod-
iments, encoding data based at least in part upon a past, current, future, and/or predicted state of the decoder to which
the encoded data is to be provided results in improved decoding performance to be experienced at a target decoder via
the selection and/or customization of the most relevant encoding tools for the target decoder while still conforming to
associated decoding constraints at the target decoder.
[0012] Figure 1B illustrates an embodiment of a codec in which data is encoded with different encoding schemes. As
depicted, an encoder 108 provides encoded data 110 with potentially different encoding schemes to decoders 112. At
a decoder 112, the encoded data 110 is decoded to retrieve the encoded content, for example, for displaying, playback,
editing, etc. In some embodiments, a customized encoding scheme is selected by an encoder for each decoder to which
data is to be provided. In some embodiments, customized encoding schemes are selected by an encoder for multiple
decoders to which data is to be provided. Such customized encoding schemes allow decoders to obtain different decoding
qualities depending upon available resources. In some embodiments, the same data is encoded at an encoder in multiple
ways using a prescribed set of encoding schemes, and data encoded with an encoding scheme most suitable for a
particular decoder is provided to that decoder. In some embodiments, the encoding scheme selected at an encoder for
a particular target decoder may be varied as data is provided to the target decoder and may depend upon, for example,
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knowledge of the estimated performance of the target decoder based upon a model associated with the resources
available at the target decoder for decoding, knowledge of the cost of performing various decoding operations at the
target decoder, dynamic feedback from the target decoder relating to its current performance and decoding capabilities,
knowledge of the decoding complexity of the encoded data that has already been or that needs to be provided to the
target decoder within a prescribed time frame or window, knowledge of the complexity of the content of data that is to
be provided to the target decoder, etc. By intelligently encoding data based upon the decoding capabilities of the intended
target decoder and the complexity of input data, it is possible to optimize the decoding performance and quality of a
target decoder.
[0013] In some embodiments, an encoder (e.g., 108 of Figure 1B) encodes video data frame by frame and transmits
the encoded video data (e.g., 110 of Figure 1B) to a target decoder (e.g., 112 of Figure 1B). In some embodiments,
encoder 108 encodes video data frame by frame and stores the encoded video data 110 on stationary (e.g., server)
and/or movable (e.g., DVD, CD) storage media for subsequent use by a target decoder 112 (e.g., after download or by
inserting movable media into a drive or other storage media reading device associated with the target decoder 112).
The encoding scheme of each frame may be varied at the encoder as encoded data is transmitted to a target decoder,
in the case of encoded data that is transmitted (e.g., broadcast, streamed via a network or other communication channel),
or determined for each frame based at least in part on a predicted state of a target decoder at a time of future decoding
of the frame, e.g., based on a model of the decoder and its predicted state after decoding preceding frames as encoded,
in the case of data being encoded and stored on a server or movable media for future provision to and use by a target
decoder. In some embodiments, the encoding schemes of frames comprising video data are varied at the encoder so
as to optimize the viewing experience of the video data at the decoder side. In some embodiments, the encoding schemes
of frames comprising video data are varied at the encoder so as to optimize the viewing experience of the video data at
multiple decoders with different decoding resources. In some embodiments, video data is encoded by an encoder with
respect to the H.264 standard. As is disclosed herein, in some embodiments, the complexity selected for an H.264
encoded bit stream is based at least in part on an estimate of the capabilities of a target decoder, which in some
embodiments is expressed as a complexity or cost constraint. In such cases, an appropriate encoding scheme is selected
using the complexity or cost constraint measure associated with a target decoder so that the complexity of the encoded
bit stream can be adequately handled and played back well by the target decoder. In some embodiments, the encoding
scheme of a frame includes scalability layers that allow graceful degradation at a target decoder when necessary, such
as, for example, when the target decoder can not keep up with the playback; when processing power available for
decoding is limited, e.g., due to other processes running in parallel on the associated device; when processing and/or
battery power is desired to be conserved at the target decoder; etc. In some embodiments, content is encoded at an
encoder in a manner that maximizes the battery life of a target device at which the encoded content is to be decoded.
Such an encoding scheme is particularly useful for portable devices, such as hand held devices, mp3 players, laptop
computers, etc.
[0014] Although video encoding (e.g., in terms of encoding the various frames comprising a sequence of video content)
and the H.264 standard may be sometimes described, the techniques described herein are not limited to the encoding
of video data or to the H.264 standard. Rather the techniques described herein may be employed to encode any type
of content, data, or set of data, such as text, images, graphics, animation, audio, video, etc., that is encoded with respect
to any appropriate standard or protocol.
[0015] Figure 2 illustrates an embodiment of a process for encoding data. In some embodiments, process 200 is
employed by encoder 108 to custom encode data 110 for a target decoder 112. Process 200 begins at 202 at which the
data or content to be encoded is determined. In some embodiments, the data of 202 corresponds to a single frame of
video data. At 204, the data determined at 202 is encoded in a manner determined at least in part on an estimated cost
of decoding the encoded data by a particular target decoder. In some embodiments, 204 includes determining a target
decoding complexity for the data of 202 and encoding the data of 202 in a manner such that the decoding complexity
of the encoded data does not exceed the determined target complexity. In various embodiments, the target complexity
for a particular frame (or other unit) is determined at least in part by a dynamically determined, estimated, and/or predicted
state of a target decoder and/or a known, estimated, and/or predicted ability of a target decoder to handle and process
additional complexity, based for example on knowledge of the decoding resources available at the decoder and/or the
complexity of preceding and/or following frames. Process 200 subsequently ends. In the case of video encoding, in
some embodiments process 200 is repeated for each frame that is to be encoded and provided to a target decoder.
[0016] The estimated cost of decoding at a target decoder is based at least in part upon the availability of decoding
resources at the target decoder. In some embodiments, an encoding scheme is selected at 204 of process 200 such
that the cost of decoding data encoded with the encoding scheme at the target decoder is within a maximum decoding
cost constraint associated with the target decoder so that the encoded data can be adequately decoded at the target
decoder with the available decoding resources. In some embodiments, a constraint associated with the maximum de-
coding complexity that can be adequately handled by the target decoder is employed to determine an appropriate
encoding scheme. The complexity constraint may be derived at least in part from the decoding cost constraint or vice
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versa. In some embodiments, the cost and/or complexity constraints associated with a target decoder are not static
values but rather are dynamic quantities that change as the actual or estimated availabilities of decoding resources at
the target decoder vary. The terms "cost constraint" and "complexity constraint" are sometimes used interchangeably
herein and refer to constraints on the amount of decoding complexity that a particular target decoder can or is expected
to be able to handle.
[0017] An encoding scheme may involve one or more encoding tools or techniques. Tools available for video encoding
include, for example, frame type, motion estimation, interpolation locations, motion vector lengths, vector spread, motion
compensation, intra predication, inter prediction, loop filtering, etc., and the operations associated with such tools may
be defined by a standard such as H.264. Each tool is associated with a decoder specific complexity. In addition to the
encoding tools selected to encode a frame, the complexity of a frame may also depend on other parameters, such as
the value of the quantization parameter selected as well as on other steps of decoding such as bit parsing, inverse
transform, etc.
[0018] The operations associated with the tools used for encoding may require corresponding inverse operations at
the decoder side to undo the operations associated with the encoding. Thus, in some embodiments, each tool and/or
parameter used in an encoding scheme contributes to the decoding cost or complexity. In some embodiments, a decoder-
specific complexity cost is associated with each encoding tool or technique. The complexity costs associated with the
various encoding tools and techniques may differ for different target decoders. In some embodiments, every time an
encoding tool or technique is employed or invoked when encoding a set of data, such as a frame of video data, that is
to be provided to a particular target decoder, the target decoder specific complexity cost associated with the tool or
technique is added to a running sum of such complexity costs. As is described in more detail below, the final value of
such a summation may serve as a measure of the total decoding complexity of the encoded frame and may be compared
with a target complexity to determine if it is within the target complexity and, if not, the encoding scheme of the frame
may be altered such that the total decoding complexity of the encoded frame is within the target complexity so that the
decoding of the resulting encoded frame can be adequately handled by the target decoder. If the estimated total decoding
complexity is lower than the target complexity, more encoding tools can be used to achieve better quality.
[0019] In some embodiments, the performance of a target decoder is at least in part estimated at the encoder side
from a model of the target decoder. Such a model allows the behavior of a target decoder to be estimated or simulated
at the encoder side so that an appropriate encoding scheme can be selected for any given set of data to be encoded,
such as a frame of video data. In some embodiments, such a model is based on the decoding resources available at a
target decoder. The availabilities of one or more decoding resources may be time variant. In some such cases, dynamic
feedback may be provided to an encoder from a target decoder about the availabilities of one or more decoding resources.
Examples of resources that may affect decoding performance include, but are not limited to, the available decoding
algorithm, available processing speed for decoding, power consumption limitations (e.g., to extend battery life), available
memory, the extent of parallel processing possible, etc., of the target decoder and/or the associated device. In some
embodiments, a constant processing rate or constant complexity consumption rate is employed in the model for a target
decoder. Other factors, such as knowledge of the complexity of encoded data that has already been or that needs to
be provided to the target decoder, knowledge of the maximum capacity and/or estimated or actual state of the decoded
picture buffer (DPB), knowledge of the display duration of frames provided to the target decoder, etc., are employed in
various embodiments in the simulation of the performance of a target decoder at the encoder side.
[0020] As mentioned above, the performance of a target decoder in some embodiments is characterized at least in
part by the maximum capacity and/or state of the DPB. The DPB at a decoder holds frames that the decoder has decoded
but has not yet displayed. A DPB can be characterized by its depth or capacity which may be measured by, for example,
the maximum amount of data it can hold, the maximum number of decoded frames that it can hold, etc. Simulated or
actual knowledge of the state of the DPB in some embodiments is used to aid in the selection of an appropriate encoding
scheme at the encoder side. For example, if it is determined at the encoder that the DPB of the target decoder is close
to being depleted, it may be desirable to reduce the complexity of subsequent frames at the encoder. Similarly, if it is
determined at the encoder that the DPB of the target decoder is near its full capacity, it may be desirable to inject more
complexity into subsequent frames at the encoder so that a better visual quality can be achieved. In some embodiments,
knowledge of the current state of the DPB of a target decoder is obtained via simulation at the encoder with a model
associated with the target decoder. Such a simulation may employ knowledge of decoding resources, such as the
decoding processing rate (i.e. the rate at which frames are decoded and input into the DPB), maximum capacity of the
DPB, the display duration of each frame in the DPB (i.e., the rate at which frames are taken out of the DPB for display),
etc., as well as other factors such as knowledge of the complexity and necessary processing time of encoded frames
that have been and/or will be provided to the target decoder. In some embodiments, real-time feedback associated with
the state of the DBP (e.g., the number of frames the DPB is actually currently holding) is dynamically provided to the
encoder by the target decoder so that encoding decisions at the encoder can be based at least in part upon the actual
performance of the target decoder.
[0021] The model of a target decoder is employed in some embodiments over a sliding window at the encoder side
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to aid in the selection for each frame of a corresponding set of encoding options so that the complexity variations and
quality variations in a bit stream or sequence of encoded video data can be dynamically controlled at the encoder based
on actual and/or estimated performance of the target decoder. Such a model of a target decoder, in some embodiments,
includes associating a decoding complexity cost with each instance of an encoding option or tool used to encode a frame
so that the total complexity of an encoded frame can be determined and compared to the complexity limitations or
constraints of the target decoder. In some embodiments, the model of the target decoder at the encoder is employed to
determine a target complexity for each frame to be encoded. In some embodiments, a static target complexity value for
each frame is associated with a target decoder and may be based upon the available decoding resources or capabilities
of the target decoder. In some embodiments, the target complexity for any given frame is dynamic and is determined
through simulation of the performance of the target decoder via the model of the target decoder available at the encoder
and may depend not only on the decoding resources available at the target decoder but also on the complexity of encoded
data already or waiting to be provided to the target decoder, e.g., within a prescribed window or time frame. In some
embodiments, the target complexity for a frame is based at least in part upon the content of the current frame and/or
previous frames. In some embodiments, the target complexity for a frame is based at least in part upon the importance
or significance of the frame relative to other frames in a sequence of video data. For video encoding, for example, in
some embodiments factors such as the frame type (e.g., reference frame or non-reference frame) and display duration
are taken into consideration in determining the significance of the frame and consequently the target complexity for the
frame.
[0022] Figure 3 illustrates an embodiment of a process for encoding video data. In some embodiments, process 300
is employed at 204 of process 200 of Figure 2. A frame of video data can be subdivided into a plurality of smaller
components or units, e.g., slices and macroblocks. In some embodiments, such as in process 300, encoding a frame
includes individually encoding the macroblocks comprising the frame. At 302 of process 300, for each frame, a set of
encoding tools and techniques are determined for each macroblock comprising the frame in a manner that results in the
achievement of a desired total frame complexity cost that can be handled by the target decoder to which the encoded
frame is to be provided. In some embodiments, the determinations of the encoding tools that are to be used to encode
the macroblocks at 302 are made in a manner that ensures that the complexity of the encoding of a frame as a whole
is at or near the target complexity constraint associated with the frame so that optimal or near optimal playback quality
can be experienced at the target decoder. At 304, the macroblocks comprising each frame are encoded per the deter-
minations of 302, and process 300 ends.
[0023] In some embodiments, one or more of the encoding tools and techniques available at an encoder are used to
define a toolset. In some embodiments, an encoder includes a table or list of such toolsets, each of which includes one
or more of the encoding tools available at the encoder. In some embodiments, a single toolset is selected to be used to
determine the encoding scheme for a frame. In some embodiments, an appropriate encoding scheme is found for a
frame after one or more iterations using one or more available toolsets. In some embodiments, when a particular toolset
is selected for encoding a particular frame, only one or more of the encoding tools available in the selected toolset may
be employed to encode the frame and the macroblocks comprising the frame. In such cases, in some embodiments, a
subset of the toolset is selected, as appropriate, to encode each macroblock. The subset of encoding tools selected
from the toolset for each macroblock may be different for different macroblocks that comprise the frame and may depend
upon factors such as the content or complexity of the macroblock, the relative significance of the macroblock and/or the
associated frame, the location of the macroblock within the frame, etc. Different toolsets may differ by the encoding tools
included and/or by the complexity cost weightings associated with the tools included in the toolsets. In some embodiments,
each of the encoding tools included in a toolset is associated with a complexity cost weighting, i.e. a factor by which the
decoder-specific complexity cost of the encoding tool is to be multiplied when computing the complexity cost associated
with using the encoding tool. Such weightings may be employed to bias against expensive (i.e. higher cost) decoding
operations so that the associated encoding technologies are more sparingly employed when encoding a frame or the
macroblocks comprising the frame.
[0024] In some embodiments, the available toolsets at an encoder are ranked with respect to the encoding quality,
the complexity of encoding tools available in each toolset, and/or the weightings assigned to the tools. For example, a
default toolset at an encoder from which an acceptable encoding scheme is first attempted to be determined in some
embodiments includes all available encoding tools at an encoder and assigns equal decoding complexity cost weightings
(e.g., one) to each of the tools. If the encoding scheme selected for a frame based on such a default toolset has a total
complexity that falls within the target complexity of the frame, the encoding scheme is employed to encode the frame.
However, if the encoding scheme selected for a frame based on such a default toolset has a total complexity that exceeds
the target complexity of the frame, another encoding scheme that is within the target complexity is determined to ensure
playback and optimal decoding of the frame at the target decoder. In such cases, one or more iterations through the
same toolset and/or one or more other toolsets may need to be performed until a suitable encoding scheme, i.e. an
encoding scheme whose decoding complexity is within the target complexity for the frame and achieving the best possible
quality, is found. Such iterations can be intelligently performed so that a suitable encoding scheme can be efficiently
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found. In order to maximize the quality of the encoding while reducing decoding complexity in such cases, in some
embodiments the sources of complexity in a given frame (e.g., which tools are contributing most to decoding complexity)
are determined and used to intelligently select a toolset for the frame. To reduce the complexity of the encoding, a toolset
that assigns higher weights to tools that are more expensive to decode is selected so that such tools are less frequently
used when determining an encoding scheme. For example, a default toolset may assign equal complexity cost weightings
of one to both 16x16 inter prediction and 8x8 inter prediction; however, another toolset may penalize the more expensive
decoding technology by assigning it a higher weight (e.g., 16x16 inter prediction may be assigned a weighting of one
while 8x8 inter prediction may be assigned a weight of sixteen) so that it is less frequently used when determining the
encoding scheme of a frame or the macroblocks comprising the frame.
[0025] In some embodiments, the available toolsets at an encoder have associated quality measures along with
complexity costs. The encoder can find the combination of toolsets to find the optimal balance between complexity and
quality. One such method is the classical Lagrangian method in which the complexity is minimized with a quality constraint,
or more naturally, the distortion is minimized with a complexity constraint.
[0026] In some embodiments, encoding tools are selected from a particular toolset to encode a macroblock in a manner
that minimizes the cost of decoding while maintaining minimum encoding standards so that at least a minimum decoding
quality can be experienced at the target decoder. In some embodiments, the selection of encoding tools from a toolset
at the macroblock level is an unconstrained search, e.g., no complexity or cost constraint exists at the macroblock level.
In some embodiments, each macroblock is encoded with a combination of encoding tools from a particular toolset that
results in an optimal encoding, i.e. minimum error encoding.
[0027] As previously mentioned, the total complexity of a frame in some embodiments also depends upon the quan-
tization parameter selected for the encoding of the frame. In some embodiments, the process of determining a suitable
encoding scheme (e.g., process 200 of Figure 2 or process 300 of Figure 3) for a frame or the macroblocks comprising
a frame includes iterating through one or more toolsets and/or quantization parameter values until an encoding scheme
with a total decoding complexity value at or below the target complexity is found for the frame.
[0028] In some embodiments, the selection of encoding tools for a macroblock is based at least in part upon a rate-
distortion optimization formula, such as: 

wherein C represents the cost of encoding the macroblock, D represents the distortion of the macroblock for the selected
encoding, R represents the rate or the number of bits used to encode the macroblock, and λ represents a factor that
allows weighting of rate (R) against distortion (D). In some embodiments, a modified version of the rate-distortion opti-
mization formula is employed to take into account the decoding complexity costs of using various encoding tools and
techniques for a given target decoder, such as: 

wherein the additional term X represents the cumulative complexity cost of the encoding tools used to encode the
macroblock for a particular target decoder and α represents a factor that allows weighting of complexity (X) against rate
(R) and distortion (D). In some embodiments, X includes a complexity cost associated with the quantization parameter
selected for the encoding. In some embodiments, X includes complexity cost weightings associated with a particular
toolset that is used for determining the encoding scheme. In some embodiments, equations (1) and/or (2) are employed
with respect to motion estimation search and/or mode decisions for a macroblock. In some embodiments, at each
macroblock, it is desirable to find the encoding mode with the best trade-off between distortion, rate, and/or complexity
given a toolset from which to select. In some embodiments, an encoding with a minimum cost C is desirable at each
macroblock and iteratively found at each macroblock given a toolset from which to select encoding tools.
[0029] In some embodiments, the values of the cost functions (e.g., C of Equation 1 or 2) of all of the macroblocks
comprising a frame may be added together to generate a cumulative value representing the total cost or part of the total
cost of encoding the frame with the selected encoding scheme (i.e., the encoding tools selected for the macroblocks
and frame). Such a value may be compared to a cost constraint for the frame to determine whether the encoding scheme
is acceptable and will be able to be adequately handled by the target decoder to which the encoded frame is to be
provided. In some embodiments, the cumulative complexity costs (X) of all of the macroblocks are added together to
generate another (or different) cumulative value representing the total decoding complexity cost or part of the total
decoding complexity cost of the encoded frame, and such a value is compared to the target decoding complexity
determined for the frame to determine whether the encoding scheme is acceptable and will be able to be adequately
handled by the target decoder. In some embodiments, the total complexity of a frame is computed by: 
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wherein Xframe represents the total complexity of the frame, i represents an encoding tool (e.g., a tool in a selected
toolset used for encoding the frame), N represents the total number of different encoding tools used in the encoding of
the frame, ni represents the number of times encoding tool i is employed in the encoding of the frame (e.g., the number
of macroblocks that use tool i), and Xi represents the decoding complexity cost for encoding tool i for a particular target
decoder. In some embodiments, one term of Equation 3, i.e. one value of i, corresponds to the complexity cost associated
with the quantization parameter selected for a given encoding scheme. In some embodiments, each Xi includes a target
decoder specific complexity cost weighting associated with a particular toolset that is used for determining the encoding
scheme.
[0030] Figure 4 illustrates an embodiment of a process for determining an encoding scheme for a frame of video data.
In some embodiments, process 400 is employed at 302 of Figure 3. Process 400 begins at 402 at which a frame that
needs to be encoded is determined or received. At 404, the current state or performance of the target decoder to which
the frame of 402 is to be provided is determined. In some embodiments, 404 includes estimating the current state of the
target decoder based at least in part upon a simulation of a model associated with the target decoder and/or knowledge
of the complexity of the frames that have already been or that need to be provided to the target decoder for decoding.
In some embodiments, 404 includes receiving dynamic feedback from the target decoder relating to the current state
or performance of the target decoder. In some embodiments, 404 includes determining through simulation the state of
the DPB of the target decoder. In some embodiments, 404 includes receiving from the target decoder dynamic feedback
regarding the current state of the DPB and employing the actual state of the DPB in the determination of the current
performance of the target decoder. In some embodiments, the determination of the current state of the target decoder
at 404 and/or knowledge of the complexities and/or content of other frames in a sequence of video data are employed
to estimate the availability of decoding resources at the target decoder at the time the frame of 402 is to be decoded.
[0031] At 406, a target complexity for the frame of 402 is determined based at least in part upon the current state of
the target decoder determined at 404. In some embodiments, the determination of the target complexity at 406 is based
at least in part upon the expected availability of decoding resources at the target decoder at the time the frame is expected
to be decoded at the target decoder. In some embodiments, the target complexity of the frame determined at 406 is
based at least in part upon the complexity of the content of the frame. In some embodiments, the target complexity
determined at 406 is based at least in part upon the significance of the frame relative to other frames in an associated
sequence of video data. For example, in some embodiments, the target complexity determined at 406 is based at least
in part upon whether the frame is a reference frame or a non-reference frame. In some embodiments, the target complexity
determined at 406 is based at least in part upon the complexity of the content and/or significance of one or more
subsequent frames in an associated video sequence that are to be encoded and provided to the target decoder after
the current frame, i.e. the frame determined at 402. In some embodiments, the target complexity determined at 406 is
based at least in part upon other factors, such as the desire to conserve processing and/or battery power at the target
decoder, in which cases a lower target complexity for the frame may be determined at 406 compared to what would
otherwise have been determined had the full decoding resources and/or potential at the target decoder been available
for decoding the encoded frame.
[0032] At 408, an encoding scheme with a maximum complexity within (i.e. less than or equal to) the target complexity
of 406 is determined for the frame. In some cases, it is desirable to encode a frame at 408 with a complexity at or near
the target complexity so that an optimal playback quality can be experienced at the target decoder while still satisfying
decoding resource constraints at the target decoder. In some embodiments, 408 includes determining an encoding
scheme with a complexity within the target complexity determined for the frame at 406 but does not include searching
or iterating to find an encoding scheme with a maximum complexity within the target complexity given the available
toolsets and/or quantization parameter values available for encoding. In some such cases, the first encoding scheme
determined for the frame whose complexity satisfies the target complexity constraint and/or is within a prescribed range
of the target complexity is employed to encode the frame. Process 400 subsequently ends. In some embodiments,
process 400 is repeatedly performed to encode one or more frames included in a sequence of video data.
[0033] Figure 5 illustrates an embodiment of a process for encoding a frame. In some embodiments, process 500 is
employed at 204 of process 200 of Figure 2. In some embodiments, process 500 is employed at 302 and 304 of process
300 of Figure 3. In some embodiments, process 500 is employed at 408 of process 400 of Figure 4. Process 500 starts
at 502 with an initial toolset and/or quantization parameter value that are to be used to determine at least an initial
encoding scheme for the frame. In some embodiments, the initial toolset of 502 corresponds to a default toolset that,
for example, includes all available encoding tools at an associated encoder and wherein equal complexity cost weightings
(e.g., one) are assigned to each of the tools. In some embodiments, the initial toolset of 502 corresponds to a toolset
determined to be used for a previous frame. At 504, an encoding scheme is determined for the frame using the toolset
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and/or quantization parameter value of 502. In some embodiments, determining the encoding scheme of the frame at
504 includes determining the encoding scheme of each macroblock included in the frame using one or more encoding
tools available in the toolset. In some embodiments, a least cost encoding scheme is sought for the frame as a whole,
for example, by employing an optimization formula such as Equation (1) or Equation (2) to iteratively determine an
encoding scheme with the lowest cost that still satisfies minimum encoding standards for each macroblock comprising
the frame and that guarantees a prescribed decoded data quality. In some embodiments, an encoding scheme with a
minimum associated decoding complexity is sought for the frame as a whole, for example, by determining an encoding
scheme associated with minimum decoding complexity for each macroblock that still satisfies minimum encoding re-
quirements that guarantee a predetermined decoded data quality.
[0034] At 506, it is determined whether the complexity of the frame encoded with the encoding scheme determined
for the frame at 504 is within (i.e. less than or equal to) the target complexity associated with the frame. In some
embodiments, the frame complexity is determined by adding together the complexity costs associated with the encoding
schemes selected for the macroblocks comprising the frame. In some embodiments, the complexity of the frame is
determined by employing Equation (3). In some embodiments, 506 includes determining whether the complexity of the
frame is equal to or is within a certain percentage below the target complexity of the frame so that an encoding scheme
with a maximum decoding complexity within the target complexity can be possibly iteratively determined using process
500 so as to ensure a best possible playback at a target decoder.
[0035] If it is determined at 506 that the frame complexity is not within the target complexity of the frame, e.g., the
frame complexity is greater than the target complexity or is not within a fixed percentage below the target complexity of
the frame, the encoding tools selected from the current toolset for one or more macroblocks and/or the quantization
parameter value are adjusted or the toolset itself and/or the quantization parameter value are adjusted at 508, and
process 500 continues with 504 at which another encoding scheme is determined for the frame (i.e. the macroblocks
comprising the frame) using the toolset and/or quantization parameter value selected at 508. In some embodiments,
the adjustments of 508 are intelligently made based upon, for example, knowledge of the sources of complexity in the
content of the frame, knowledge of which encoding tools are preferred for encoding the content of the frame, knowledge
of which encoding tools are contributing more heavily to the decoding complexity, etc. If it is determined at 506 that the
frame complexity is within the target complexity (or is within a prescribed percentage of the target complexity), at 510
the frame is encoded with the encoding scheme determined for the frame at 504, and process 500 ends. In some
embodiments, process 500 is repeatedly performed to encode one or more frames included in a sequence of video data.
[0036] Figure 6 illustrates an embodiment of a process for determining an encoding scheme for a frame and the
associated cost or complexity of the frame. In some embodiments, process 600 is employed at 504 of process 500 of
Figure 5. In some embodiments, a single selected toolset and/or quantization parameter value is used to determine an
encoding scheme for a frame in process 600, and one or more of the encoding tools available in the selected toolset
are employed to determine one or more encoding schemes for each macroblock of the frame that is to be encoded.
Process 600 starts at 602 with a first macroblock of the frame for which an encoding scheme is to be determined. At
604, a first encoding scheme is determined for the macroblock of 602. In some embodiments, optimization formulae
such as Equation (1) or Equation (2) are employed to aid in the selection of an encoding scheme at 604. At 606, the
decoding complexity or cost of the encoding scheme selected at 604 is computed. In some embodiments, the decoding
complexity of the encoding scheme determined at 604 is computed at 606 by summing the possibly weighted, target
decoder-specific complexity costs of the encoding tools and/or quantization parameter used for the encoding scheme,
wherein the weightings of the complexity costs of the encoding tools in some embodiments depend upon the toolset
being used to determine the encoding scheme of the frame. In some embodiments, 606 includes storing the computed
decoding complexity or cost with the encoding scheme and/or associated information, such as cost, rate, distortion, etc.,
so that the encoding scheme can be compared with other potential encoding schemes of the macroblock. In some
embodiments, such stored information is used, if available and/or appropriate, when determining another encoding
scheme for a frame (i.e. when determining possibly different encoding schemes for one or more macroblocks of the
frame) such as, for example, when the total complexity of the frame exceeds the target complexity of the frame, such
as at 506 of process 500 of Figure 5, and, for instance, the same selected toolset and/or quantization parameter value
is to be used to determine a different encoding scheme for the frame.
[0037] At 608, it is determined whether to find other encoding schemes for the macroblock. In some embodiments, it
is determined to find another encoding scheme at 608 so that an optimal encoding scheme can be found for the macroblock
given the selected toolset and/or quantization parameter value. If it is determined at 608 to find other encoding schemes
for the macroblock, another encoding scheme is selected for the macroblock at 610, e.g., using the same selected toolset
and/or quantization parameter, and process 600 subsequently returns to and continues with 606 at which the decoding
complexity of the encoding scheme selected at 610 is computed and stored with the encoding scheme and/or information
associated with the encoding scheme. In some embodiments, steps 610, 606, and 608 of process 600 are iterated one
or more times to obtain and to store for comparison various encoding schemes, associated decoding complexities,
and/or other associated information so that an optimal encoding scheme can be selected for the macroblock. The
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encoding schemes selected for the macroblock (e.g., at 604 and 610) are in some embodiments based at least in part
on a rate-distortion optimization formula (e.g., Equation (1)) or a modified rate-distortion optimization formula (e.g.,
Equation (2)). If it is determined at 608 not to find another encoding scheme for the macroblock (e.g., because one or
more encoding schemes from which to choose from have already been determined, because further resources are not
desired to be expended in the determination of other encoding schemes because of, for example, time or processing
constraints, because a suitable encoding scheme has been found, etc.), an encoding scheme is selected for the mac-
roblock at 612, for example, from a set of one or more encoding schemes determined for the macroblock at 604 or 610.
In some embodiments, a comparison of the encoding scheme(s), associated decoding complexities, and/or other as-
sociated information that were stored for the macroblock at 606 is employed to select an encoding scheme for the
macroblock at 612. At 614, the decoding complexity cost associated with the encoding scheme selected for the mac-
roblock at 612 is added to a running sum of decoding complexity costs that in some embodiments represents the total
decoding complexity of the entire frame and that includes the individual decoding complexity costs of the encoding
schemes selected for the macroblocks comprising the frame.
[0038] At 616, it is determined whether an encoding scheme has been determined for each macroblock of the frame
that is to be encoded. If it is determined at 616 that an encoding scheme has not been selected for all of the macroblocks
of the frame that are to be encoded, process 600 continues at 618 with a macroblock for which an encoding scheme
has not yet been selected and returns to and continues with step 604 at which a first encoding scheme is determined
for the macroblock of 618. In some embodiments, the encoding scheme selected at 604 for the macroblock of 618 is
based at least in part upon the encoding schemes selected for one or more previous macroblocks. If it is determined at
616 that an encoding scheme has been determined for all of the macroblocks of the frame that are to be encoded, the
encoding scheme of the frame as a whole (which in some embodiments is comprised of the encoding schemes of the
macroblocks comprising the frame) as well as the total decoding complexity of the frame (i.e. the final value of the running
sum of decoding complexity costs of 614) is returned at 620, and process 600 ends. In some embodiments, instead of
calculating the total decoding complexity of the frame as a running sum of the decoding complexities of the encoding
schemes of the macroblocks that comprise the frame, the total decoding complexity of the frame is computed using
Equation (3), which is based upon the number of times various encoding tools are employed and the target decoder-
specific complexity costs associated with the encoding tools as well as any possible weightings of the complexity costs
depending on the toolset being used to encode the frame. In some embodiments, instead of or in addition to computing
the decoding complexity of each macroblock (e.g. at 606) and the total decoding complexity of the frame (i.e. the running
sum of 614), an optimization formula such as Equation (1) or Equation (2) is employed to compute the cost of the
encoding scheme of each macroblock, and the computed cost is added to a running sum of such costs that represents
the total cost of the frame. In some such cases, a total cost of a frame is compared to a target cost for the frame, such
as at 506 of process 500 of Figure 5, when determining an appropriate encoding scheme for the frame.
[0039] Figure 7 illustrates an embodiment of a process for adjusting the toolset used for the encoding of a frame. In
some embodiments, process 700 is employed at 508 of process 500 of Figure 5. Process 700 starts at 702 at which the
factors and/or encoding tools that contribute the most significantly to the decoding complexity cost of a selected encoding
scheme for a frame are determined. In some embodiments, the factors and/or encoding tools that contribute the most
significantly to the decoding complexity cost of the encoding scheme for the frame determined at 504 of process 500 of
Figure 5 are analyzed at 702. In some embodiments, 702 includes determining the portions of the content of the frame
that result in high decoding complexity costs when encoded with the selected encoding scheme. In some embodiments,
702 includes determining the encoding tools and/or other parameters that contribute the most to the decoding complexity
cost of the encoding scheme of the frame. At 704, a toolset is selected that eliminates and/or penalizes (e.g., by complexity
cost weights) the use of one or more encoding tools that were determined at 702 to most significantly contribute to the
decoding complexity cost of the frame. In some embodiments, 704 includes adjusting the value of the quantization
parameter. The quantization parameter may be intelligently adjusted according to the desired complexity and the com-
plexities associated with the toolset selected. For example, the quantization parameter may be adjusted at least in part
to offset the effect of modifying the toolset to be used for the encoding of the frame. For instance, a finer quantization
value may be selected at 704 to offset the effect of selecting a toolset at 704 with limited encoding options and/or
complexity. Although adjusting the quantization parameter value has been described herein, other parameters that affect
the complexity of encoding a frame may also be similarly adjusted as necessary at 704. Process 700 subsequently ends.
[0040] Figure 8 illustrates an embodiment of a process for pre-processing one or more frames. In some embodiments,
a frame is (or based on selection criteria may be) pre-processed before encoding to facilitate the selection of a better
encoding scheme for the frame. In some embodiments, a frame is or may be pre-processed to reduce the entropy in
the frame. For example, when encoding a frame of a video sequence that has a high complexity using a toolset with
limited encoding options and/or complexity, in some embodiments the frame is pre-processed before encoding to grace-
fully degrade the content of the frame and avoid compression artifacts in the encoded frame. In some embodiments, if
it can be determined (e.g., by analyzing the frame, from an attempted iteration of encoding the frame, from the encoding
of a related or similar frame, etc.) that the optimal or near optimal encoding of some portion of the content of the frame
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requires a technique that is very expensive or that can not be handled by a target decoder, such content is reduced
and/or removed from the frame before it is encoded. Process 800 starts at 802 at which a frame with high complexity is
detected. At 804, the frame detected at 802 is appropriately pre-processed so that a lower target decoder cost encoding
can be achieved for the frame. For example, if the frame detected at 802 is determined to be noisy, it may be pre-
processed using a spatial or smoothing filter at 804 to reduce and/or remove the noise so that the encoding of the frame
is not affected or at least is less affected by the noise present in the original frame data. At 806, the pre-processed frame
is encoded, and process 800 ends. In some embodiments, process 800 is employed in the pre-processing of one or
more related or consecutive frames of a video sequence that need to be encoded. For example, if it is known at the
encoder side that a target decoder will not be able to handle every frame in a sequence of video content or a subset
thereof, temporal filtering across one or more consecutive frames in the sequence may be employed before encoding.
For instance, the content of two or more consecutive frames may be averaged or frames may be down-sampled (e.g.,
frames may be selected to be encoded and provided to the target decoder at half rate, i.e. every other frame in a sequence
of video content may be selected to be encoded and provided to the target decoder). In some embodiments, the down-
sampling of frames may be intelligently performed. For example, only frames that change significantly between two or
more consecutive frames may be selected for encoding and transmittal to the target decoder.
[0041] In some embodiments, an encoder employs scalability to facilitate graceful degradation at the decoder side
when necessary, for example, when the decoder can not keep up due to limited processing power and/or memory, when
battery power is running low or is desired to be conserved at the associated device, etc. In some embodiments, temporal
scalability allows a target decoder to gracefully drop frames and effectively reduce the frame rate at the decoder side
when needed. In some such cases, temporal scalability is incorporated at the encoder side by the intelligent selection
of the pattern of reference and non-reference frames in a sequence or stream of video content. In some embodiments,
the pattern of reference and non-reference frames is selected so as to maximize the viewing experience at the target
decoder even if some frames, preferably one or more non-reference frames, have to be dropped. For example, if a
subset of a sequence of video content is detected to have high complexity, more frames in the subset may be marked
as non-reference frames at the encoder side based upon, for example, an estimate of the ability of a target decoder to
handle the associated complexity. Similarly, if an individual frame is determined at the encoder side to be highly complex
and has an encoding scheme that is characterized by a high decoding cost, it may be selected to be a non-reference
frame so that the target decoder has the option of dropping the frame without causing significant degradation in viewing
experience if it is running behind. In some embodiments, the encoder side includes a process or algorithm for selecting
the pattern of reference and non-reference frames for a sequence of video content that is based at least in part upon
known characteristics and expected performance of the target decoder available at the encoder side via the model of
the target decoder at the encoder, knowledge of the complexity of other data that has been or subsequently will be
provided to the target decoder for decoding, and/or dynamic feedback from the decoder regarding its current performance.
In addition to or instead of temporal scalability, one or more other scalability layers may be included in the encoding of
a frame at the encoder side to allow for more graceful degradation at the decoder side. In some embodiments, one or
more scalability layers are selected at the encoder side in a manner that minimizes the playback or viewing quality
penalty experienced at the decoder side. The amount of scalability built into an encoded bit stream may vary and may
depend upon the local complexity of the bit stream.
[0042] Figure 9 illustrates an embodiment of a process for gracefully degrading the decoding of an encoded frame at
a target decoder. In some embodiments, process 900 is employed at a target decoder when a decoder begins falling
behind in the decoding of an encoded video sequence, for example, due to processing or power consumption constraints
at the target decoder. Process 900 starts at 902 at which a frame with a high decoding complexity is detected. At 904,
the decoding of the frame of 902 is gracefully degraded. In some embodiments, 904 includes degrading the decoding
of the frame in a manner that ensures that the viewing experience of the overall sequence of video content of which the
frame is a part is maximized and that the visual quality is kept constant or nearly constant over time. In some embodiments,
904 includes not decoding the frame at all (i.e. dropping the frame), for example, because the frame has a high decoding
complexity. In some such cases, reference frames are given higher decoding priority, and a frame may only be completely
dropped if it is a non-reference frame so that other frames in an associated video sequence are not affected by the
dropping of the frame. In some embodiments, 904 includes performing the most significant decoding operations and
dropping one or more other decoding operations that need to be performed to fully decode the frame. Such a technique
may result in a lower quality decoding of the frame and may be useful if a frame is not desired to be completely dropped
and limited decoding resources are available at the decoder at the time the frame is to be decoded. Similarly, in some
embodiments, decoding operations associated with one or more scalability layers associated with the encoding of the
frame are dropped to obtain a lower quality decoding of the encoded frame. Process 900 subsequently ends.
[0043] As is disclosed herein, by intelligently selecting an encoding scheme for data at an encoder based upon the
decoding complexity that can be handled by the available decoding resources at a target decoder to which the data is
to be provided, an optimal or near optimal decoding performance and playback quality may be experienced at a target
decoder. Moreover, pre-processing the data before encoding it may aid in the reduction of decoding complexity of the
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encoded data. When needed, graceful degradation during the decoding of the encoded data may be facilitated through
scalability incorporated into the encoding scheme of the data. Post-processing at the decoder may be used to improve
the quality of decoded data. Other than the actual encoded data, information related to the encoding of the data may
be provided to the target decoder by the encoder to aid in the decoding and/or post-processing of the data. As disclosed
herein, the incorporation of intelligence in the encoding and/or decoding processes of a codec enables a better decoded
data quality to be experienced at a target decoder.
[0044] Although the foregoing embodiments have been described in some detail for purposes of clarity of understand-
ing, the invention is not limited to the details provided. There are many alternative ways of implementing the invention.
The disclosed embodiments are illustrative and not restrictive.

Additional Statements of Invention

[0045] There is provided a method for encoding a set of data, comprising: receiving a set of data to be encoded; and
encoding the set of data based at least in part upon a state of a target decoder to which the encoded set of data is to
be provided.
[0046] Preferably, wherein the state includes an actual state of the target decoder. Preferably, wherein the actual state
is based at least in part on feedback received dynamically from the target decoder.
[0047] Preferably, wherein the state includes a predicted state of the target decoder. Preferably, wherein the predicted
state is determined at least in part from a model of the target decoder. Preferably, wherein the set of data comprises a
first set of data and the predicted state is determined at least in part by a decoding complexity of a second set of data
that precedes the first set of data in a sequence of data sets.
[0048] Preferably, wherein the state indicates a current availability of a resource associated with the target decoder.
Preferably, wherein the current availability includes one or more of the following: available decoding algorithm, available
decoding processing speed, available decoding power consumption, and available decoding memory.
[0049] Preferably, wherein the state includes at least in part a decoded picture buffer state of a decoded picture buffer
of the target decoder.
[0050] Preferably, wherein encoding the set of data based at least in part upon a state of the target decoder includes
determining a target decoding complexity for the encoded set of data. Preferably, wherein the target decoding complexity
is determined at least in part by a constraint associated with the target decoder. Preferably, wherein the target decoding
complexity is determined at least in part by a state of a decoded picture buffer associated with the target decoder.
Preferably, wherein the target decoding complexity is determined at least in part by a relative importance of the set of
data. Preferably, wherein the set of data comprises a first set of data and the target decoding complexity is determined
at least in part by a decoding complexity of a second set of data that precedes the first set of data in a sequence of data
sets. Preferably, wherein the set of data comprises a first set of data and the target decoding complexity is determined
at least in part by a decoding complexity of a second set of data that occurs subsequent to the first set of data in a
sequence of data sets. Preferably, wherein determining the target decoding complexity includes simulating the target
decoder using a model of the target decoder.
[0051] Preferably, wherein encoding the set of data based at least in part upon a state of the target decoder includes
assigning decoding complexity costs to each of one or more coding tools used to encode the set of data and using the
one or more coding tools, or a selected subset thereof, to encode the set of data in a manner such that a total complexity
cost of decoding the set of data, determined based at least in part on the assigned decoding complexity cost of each
respective coding tool that is used to encode the set of data, does not exceed the target decoding complexity.
[0052] Preferably, wherein encoding the set of data based at least in part upon a state of the target decoder includes
assigning decoding complexity costs to each of one or more coding tools used to encode the set of data.
[0053] Preferably, further comprising pre-processing the set of data. Preferably, wherein pre-processing the set of
data is based at least in part on the state of the target decoder and a complexity of the set of data.
[0054] Preferably, wherein encoding the set of data comprises employing one or more scalability layers.
[0055] Preferably, wherein the target decoder is included in a set of target doceders and wherein encoding the set of
data comprises custom encoding the set of data for the set of target decoders with quality scalability. Preferably, wherein
a quality of decoding the set of data at each target decoder is determined based at least in part on a current state and
availability of decoding resources at each target decoder.
[0056] Preferably, further comprising providing the encoded set of data to the target decoder. Preferably, wherein
providing comprises one or more of the following: transmitting; broadcasting; downloading; storing on media; storing on
movable media; inserting movable media into a device associated with the target decoder; and reading the encoded set
of data from media. Preferably, wherein a manner in which the encoded set of data provided to the target decoder is
decoded at the target decoder is based at least in part on a current state of the target decoder. Preferably, wherein the
target decoder employs one more more scalability layers included in the encoding of the set of the data to gracefully
degrade decoding of the set of data if the target decoder can not keep up or wants to conserve power. Preferably,
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wherein the set of data comprises a first set of data and wherein the target decoder employs temporal scalability included
in the encoding of a sequence of data sets that includes the first set of data to drop one or more data sets in the sequence
of data sets.
[0057] Preferably, wherein the set of data comprises one or more frames of video data.
[0058] There is provided a system for encoding a set of data, comprising: a processor configured to: receive a set of
data to be encoded; and encode the set of data based at leasti npart upon a state of a target decoder to which the
encoded set of data is to be provided; and a memory coupled to the processor and configured to provide instructions to
the processor.
[0059] Preferably, wherein the state includes an actual state of the target decoder.
[0060] Preferably, wherein the state includes a predicted state of the target decoder.
[0061] Preferably, wherein the state includes at least in part a decoded picture buffer state of a decoded picture buffer
of the target decoder.
[0062] Preferably, wherein to encode the set of data based at least in part uipon a state of the target decoder includes
determining a target decoding complexity for the encoded set of data.
[0063] Preferably, wherein to encode the set of data based at least in part upon a state of the target decoder includes
assigning decoding complexity costs to each of one or more coding tools used to encode the set of data.
[0064] Preferably, wherein the processor is further configured to pre-oprocess the set of data.
[0065] Preferably, wherein to encode the set of data comprises employing one or more scalability layers.
[0066] Preferably, wherein the processor is further configured to provide the encoded set of data to the target decoder.
Preferably, wherein a manner in which the encoded set of data provided to the target decoder is based at least in part
on a current state of the target decoder.
[0067] There is provided a computer program product for encoding a set of data, the computer program product being
embodied in a computer readable medium and comprising computer instructions for: receiving a set of data to be
encoded; and encoding the set of data based at least in part upon a state of a target decoder to which the encoded set
of data is to be provided.

Claims

1. A video data coding method, comprising:
before encoding a current frame of the video data:

determining a decoding capability of a decoder (112) based on a state of the decoder (112),
determining a frame complexity based on at least one of a content complexity of the current frame or a significance
of the current frame relative to other frames of the video data, and
estimating a target decoding complexity for decoding the current frame based on the determined decoding
capability and the determined frame complexity; and

encoding the current frame within the estimated target decoding complexity.

2. The method of claim 1, further comprising, before the encoding of the current frame, marking the current frame as
a reference frame or as a non-reference frame.

3. The method of claim 2, wherein the marking is based on the determined frame complexity.

4. The method of claim 2 or claim 3, wherein the marking is based on a determined frame complexity of one or more
frames of the video data that were previously sent to the decoder (112) or subsequently will be sent to the decoder
(112).

5. The method of any of claims 2-4, wherein the marking is based on the determined decoding capability of the decoder
(112).

6. The method of any of claims 2-5, further comprising marking the current frame as a non-reference frame, if an
encoding scheme characterized by a high decoding cost is selected for the current frame.

7. The method of any preceding claim, wherein the state of the decoder is a prediction based on a model of the decoder
(112) and the decoder’s predicted state after decoding preceding frames as encoded.
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8. The method of any of claims 1-6, wherein the state of the decoder (112) is dynamically provided by the decoder,
comprising information about the availability of one or more decoding resources.

9. The method of claim 8, wherein the one or more decoding resources comprises: available decoding algorithms,
available processing speeds for decoding, power consumption limitations, available memory, or availability of parallel
processing.

10. The method of any preceding claim,

wherein the state of the decoder (112) comprises a state of the decoder’s decoded picture buffer (DPB), the
DPB state comprises one or more of maximum data capacity, number of frames currently buffered, input frame-
rate into the buffer, or output frame-rate out of the buffer; and
wherein when the DPB is near depletion encoding complexity of the current frame decreases and when the
DPB is near its full capacity encoding complexity of the current frame increases.

11. The method of claim 10, wherein the DPB state is provided by the decoder (112) in real-time.

12. The method of any preceding claim, wherein the encoding the current frame within the estimated target decoding
complexity comprises selecting an encoding scheme that maximizes encoding quality while reducing decoding
complexity.

13. The method of any proceeding claim, wherein if it is determined that the encoding of a content of the current frame
cannot be performed within the estimated target decoding complexity, the content is reduced or removed from the
current frame before the encoding.
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