
FRAGMENTED REFERENCE IN TEMPORAL COMPRESSION FORVIDEO
CODING TECHNICAL FIELD [0001] The disclosure relates
to multimedia signal processing and, more
particularly, to video encoding and decoding.
BACKGROUND [0002] Digital multimedia capabilities can
be incorporated into a wide range of devices,
including digital televisions, digital direct
broadcast systems, wireless communication devices,
wireless broadcast systems, personal digital
assistants ("PDAs"), laptop or desktop computers,
digital cameras, digital recording devices, video
gaming devices, video game consoles, cellular or
satellite radio telephones, and the like. Digital
multimedia devices may implement video coding
techniques, such as techniques defined by the MPEG-2,
MPEG-4, or ITU H.264/MPEG-4, Part 10, Advanced Video
Coding ("AVC") standards, to transmit and receive
digital video data more efficiently. Video coding
techniques may perform video compression via spatial
and temporal prediction to reduce or remove redundancy
inherent in video sequences. [0003] In order to
perform video compression via temporal prediction, a
video encoder may use a motion compensation process.
In a motion compensation process, a video encoder
divides a current video frame into a set of
macroblocks. Then, for each macroblock of the current
video frame, the video encoder attempts to identify
one or more macroblocks in one or more reference
frames that contain approximately the same data as the
macroblock in the current video frame. If the video
encoder successfully identifies such a macroblock in
the reference frame, the video encoder may generate a
motion vector that indicates a displacement between
the identified macroblock in the reference frame and
the macroblock in the current frame. If the video
encoder does not successfully identify such a
macroblock in the reference frame, the video encoder
may generate a motion vector that indicates no
displacement. Next, the video encoder may generate a
predictive frame by "moving" the identified
macroblocks from positions in the reference frame to
positions indicated by the motion vectors. After
generating the predictive frame, the video encoder may
generate a residual frame by subtracting, on a
macroblock-by-macroblock basis, the predictive frame
from the current frame to indicate residual
differences between the corresponding blocks. The
video encoder maythen encode the residual frame along
with its associated motion vectors. Next, the video 



encoder may output the encoded residual frame and the
associated motion vectors for use by a decoder. [0004]
To decode a video frame that has been encoded using a
motion compensation process, a video decoder may
retrieve a reference frame indicated by the motion
vectors. The video decoder may then "move" macroblocks
of the reference frame indicated by the motion vectors
to positions indicated by the motion vectors. As a
result of moving the macroblocks of the reference
frame, the video decoder generates a predictive frame.
The video decoder may then generate a reconstructed
video frame by adding the predictive frame to a
decoded version of the received residual frame.
SUMMARY [0005] In general, this disclosure describes
techniques for encoding and decoding sequences of
video frames using fragmentary reference pictures. The
disclosure presents video encoding and decoding
techniques for modified temporal compression based on
fragmented references rather than complete reference
pictures. In a typical sequence of video frames, only
a portion (i.e., a tile) of each frame includes moving
objects. Moreover, in each frame, the moving objects
tend to be confined to specific areas that are common
among each frame in the sequence of video frames. As
described herein, such common areas of motion are
identified. Pictures are then extracted from the
identified areas of the video frames. Because these
pictures may represent only portions of the frames,
this disclosure refers to these pictures as
"fragments." It is then these fragments that are used
as reference pictures for generating predicted frames
during a motion compensation process, rather than the
entire frame. [0006] In one example, a method
comprises storing reference fragments comprising video
data associated with a set of tiles of video frames in
a sequence of video frames. Each tile in the set of
tiles represents a subset of partitions for the
respective video frame. The method also comprises
performing motion compensation for a current tile of a
current video frame based on one or more of the
reference fragments. [0007] In another example, a
device comprises a reference buffer that stores
reference fragments comprising video data associated
with a set of tiles of video frames in a sequence of
video frames. Each tile in the set of tiles represents
a subset of partitions for the respective video frame.
The device also comprises a motion compensation
unitthat performs motion compensation for a current
tile of a current video frame based on one or more of
the reference fragments. 



[0008] In another example, a device comprises means
for storing reference fragments comprising video data
associated with a set of tiles of video frames in a
sequence of video frames. Each tile in the set of
tiles represents a subset of partitions for the
respective video frame. The device also comprises
means for performing motion compensation for a current
tile of a current video frame based on one or more of
the reference fragments. [0009] In another example, an
integrated circuit comprises circuitry that stores
reference fragments comprising video data associated
with a set of tiles of video frames in a sequence of
video frames. Each tile in the set of tiles represents
a subset of partitions for the respective video frame.
In addition, the integrated circuit comprises
circuitry that performs motion compensation for a
current tile of a current video frame based on one or
more of the reference fragments. [0010] The techniques
described in this disclosure may be implemented in
hardware, software, firmware, or any combination
thereof. If implemented in software, the software may
be executed using one or more processors, such as a
microprocessor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA),
or digital signal processor (DSP). The software that
executes the techniques may be initially stored in a
computer-readable medium and loaded and executed using
the processor. [0011] Accordingly, this disclosure
also contemplates a computer-readable medium that
comprises executable instructions. When executed by
one or more processors, the instructions cause the one
or more processors to store reference fragments
comprising video data associated with a set of tiles
of video frames in a sequence of video frames. Each
tile in the set of tiles represents a subset of
partitions for the respective video frame. The
instructions also cause the one or more processors to
perform motion compensation for a current tile of a
current video frame based on one or more of the
reference fragments. [0012] In some cases, the
computer-readable medium may form at least part of a
computer program product, which may be sold and/or
used in a video coding device. The computer program
product may include the computer-readable medium, and
in some cases, may also include packaging
materials.[0013] The techniques for encoding and
decoding sequences of video frames using fragmentary
reference pictures will be primarily described in the
context of motion 



compensation coding techniques. However, the use of
fragmentary reference pictures, as described herein,
may also be used in other coding contexts, such as for
scaling, edge enhancement, or the like. [0014] The
details of one or more examples are set forth in the
accompanying drawings and the description below. Other
features, objects, and advantages will be apparent
from the description and drawings, and from the
claims. BRIEF DESCRIPTION OF DRAWINGS [0015] FIG. 1 is
a block diagram illustrating an exemplary video
encoding and decoding system. [0016] FIG. 2 is a block
diagram illustrating exemplary details of the encoder
presented in FIG. 1. [0017] FIG. 3 is a block diagram
illustrating exemplary details of the tile
identification module presented in FIG. 2. [0018] FIG.
4 illustrates an exemplary sequence of video frames
and a corresponding set of partition maps that show
active partitions as black blocks. [0019] FIGs. 5A,
5B, and 5C illustrate exemplary composite partition
activity maps. [0020] FIG. 5D illustrates the effect
of mode smoothing on a partition activity map. [0021]
FIGS. 6A and 6B illustrate an exemplary operation of
the encoder presented in FIG. 2. [0022] FIG. 7 is a
block diagram illustrating exemplary details of the
decoder presented in FIG. 1. [0023] FIGS. 8A and 8B
are flowcharts illustrating exemplary operations of
modules within the decoder presented in FIG. 7. [0024]
FIG. 9 is a block diagram illustrating exemplary
details of the pre-processor presented in FIG. 1.
[0025] FIG. 10 is a flowchart illustrating an
exemplary operation of the pre-processor presented in
FIG. 9. [0026] FIG. 11 is a block diagram illustrating
an alternate set of exemplary details of the decoder
presented in FIG. 1.[0027] FIG. 12 is a flowchart
illustrating an exemplary operation of the alternate
implementation of the decoder presented in FIG. 11.
[0028] FIG. 13 is a flowchart illustrating an
exemplary operation of the buffer fill module to store
fragments into the display buffers presented in FIG.
1. 



DETAILED DESCRIPTION [0029] FIG. 1 is a block diagram
illustrating an exemplary video encoding and decoding
system 2. As illustrated in the example of FIG. 1,
system 2 includes an encoding device 4 and a decoding
device 6. In general terms, encoding device 4 is
capable of encoding video data and decoding device 6
is capable of decoding video data encoded by encoding
device 4 or another encoding device. Encoding device 4
and decoding device 6 may be any of a wide variety of
devices. For example, encoding device 4 and decoding
device 6 may be personal computers, network servers,
personal digital assistants ("PDAs"), video game
devices, personal media players, mobile telephones,
digital cameras, digital camcorders, or other types of
devices. Alternatively, a single device may
incorporate the functionality of encoding device 4
and/or the functionality of decoding device 6. [0030]
As illustrated in the example of FIG. 1, encoding
device 4 includes a media source 8. Media source 8
outputs unencoded video data (i.e., video data that
has not been encoded using an encoding process
described herein). Media source 8 may be any of a wide
variety of software and/or hardware units that output
unencoded video data. For example, media source 8 may
be a digital video camera, a digital still camera, a
memory module storing unencoded video data, an
interface that receives unencoded video data from a
cable, terrestrial, or satellite television provider,
or other types of software and/or hardware units that
output unencoded video data. Moreover, media source 8
may be communicatively coupled to encoding device 4
via one or more wired or wireless connections. Media
source 8 may provide unencoded video data to a pre
processor 10. [0031] Furthermore, in the example of
FIG. 1, encoding device 4 may include a transcoder 12.
In general, transcoder 12 receives video data
outputted by a bitstream source 14. The video data
outputted by bitstream source 14 may be encoded in a
first format. For example, bitstream source 14 may
output video data formatted in a Serial Digital
Interface format. When transcoder 12 receives the
video data outputted bybitstream source 14, a decoder
13 in transcoder 12 may decode the video data received
from transcoder 12, thereby generating an uncompressed
sequence of video frames. After decoder 13 decodes the
video data, decoder 13 may provide the decoded video
data to a pre-processor 10 that performs one or more
video pre-processing operations on the decoded video
data. An encoder 16 in transcoder 12 may then encode
the preprocessed 



video data in a second format that is different than
the first format. As used in this disclosure, the term
"format" may refer to a data encoding format or a data
presentation format. In this way, transcoder 12
transcodes the video generated by bitstream source 14
from the first format to the second format. For
example, transcoder 12 may transcode the video
generated by bitstream source 14 from the H.263
standard to the H.264 standard. In another example,
transcoder 12 may transcode the video generated by
bitstream source 14 from a first resolution (e.g.,
H.264 SD) to a second resolution (H.264 QVGA). [0032]
Pre-processor 10 may perform a variety of video
pre-processing operations on the unencoded video data.
For example, pre-processor 10 may perform interlacing
operations, de-interlacing operations, contrast
adjustment operations, noise reduction operations,
and/or other types of video pre-processing operations
on the unencoded video data. [0033] After
pre-processor 10 performs the one or more video
pre-processing operations on the unencoded video data,
pre-processor 10 may provide the preprocessed video
data to an encoder 16. Encoder 16 encodes the
pre-processed video data, thereby creating encoded
video data. After encoder 16 encodes the pre-processed
video data, encoding device 4 may do a wide variety of
things with the encoded video data. In one example,
encoding device 4 may store the encoded video data as
a media file or other type of media object in a
storage medium (not shown) such as random access
memory, an optical disk, a magnetic disk, flash
memory, electrically-erasable programmable read-only
memory, or other types of memory modules. In another
example, encoding device 4 may output the encoded
video data as one of several different types of media
objects. For example, encoding device 4 may output the
encoded video data as a live stream of audio/video
data. In another example, encoding device 4 may output
the encoded video data as a media file that may or may
not be capable of progressive playback. When encoding
device 4 outputs the encoded video data, encoding
device 4 may transmit the encoded video data using a
computer network,a wireless broadcast transmitter, a
coaxial cable, a fiber optic cable, or another type of
communication mechanism. [0034] A decoder 18 in
decoding device 6 may decode video data encoded by
encoding device 4. In general, decoder 18 reverses the
encoding process that encoder 16 applied to the video
data. After decoder 18 decodes the video data, a
post-processor 20 in 



decoding device 6 performs one or more post-processing
operations on the decoded video data. For example,
post-processor 20 may perform post-processing
operations that include gamma correction operations,
sharpening operations, and other post processing
operations. After post-processor 20 performs the
post-processing operations on the video data, a buffer
fill module 22 in decoding device 6 may store the
video data in a set of one or more display buffers 24.
For instance, buffer fill module 22 may store
individual frames of the post-processed video data
into individual ones of display buffers 24. Display
buffers 24 may be implemented as one or more
computer-readable media (e.g., random-access memory,
flash memory units, or other types of computerreadable
media). [0035] A display unit 26 in decoding device 6
may display video data in display buffers 24. Display
unit 26 may be one or more of a variety of types of
display unit. For instance, display unit 26 may be a
cathode ray tube ("CRT") monitor or television set, a
liquid crystal display ("LCD"), an organic
light-emitting diode ("OLED") display, a conventional
light-emitting diode display, Plasma display or
another type of display. Although illustrated in the
example of FIG. 1 as being included within decoding
device 6, display unit 26 may be external to decoding
device 6. For instance, display unit 26 may be
connected to decoding device 6 via one or more cables
and/or one or more wireless links. [0036] As described
herein, pre-processor 10, encoder 16, decoder 18, and
post processor 20 may, independently or in
conjunction, use video tile identification techniques
to reduce or restore temporal redundancy among video
frames in a set of video frames. In general, these
video tile identification techniques involve the
identification of one or more sets of tiles of video
frames in a sequence of video frames. A tile is an
area of a video frame. For example, a tile may be a
rectangular area of a video frame that is twenty
pixels wide, thirty pixels high, and has an upper-left
pixel that is five columns from the left edge of the
video frame and seventy rows from the top edge of the
video frame (i.e., the upper-left pixel has
coordinates (5, 70)). Tiles in atleast one of the sets
of tiles are regions of video frames that may or may
not include the entire video frame. [0037] After
identifying the tiles, fragments may be extracted from
each of the video frames. As used in this disclosure,
a "fragment" is a picture contained within a tile of a
video frame. For example, let a tile of a video frame
be a rectangular area of a video 



frame that is twenty pixels wide and thirty pixels
high. The upper-left pixel of the region has
coordinates (5, 70). In this example, a fragment
extracted from this tile is an independent picture
that is twenty pixels wide and thirty pixels high.
Furthermore, in this example, the upper-left pixel of
the fragment (i.e., the pixel of the fragment having
coordinates (0, O)) has the same pixel values as the
pixel of the video frame having coordinates (5, 70).
Similarly, the pixel of the fragment having
coordinates (1, 0) has the same pixel values as the
pixel of the video frame having coordinates (6, 70),
and so on. [0038] When the fragments have been
extracted from the video frames, operations regarding
the video frames may be performed with regard only to
the fragments. For example, when performing a
pre-processing operation with regard to a video frame,
pre processor 10 may only perform the pre-processing
operations on fragments. In another example, encoder
16 and decoder 18 may use the fragments as references
during motion compensation operations. After the
operations are performed, the frames may be
reassembled (i.e., rendered) by compositing the
processed fragments onto a previously decoded complete
video frame. This is possible because all portions of
a frame that are not within one of the identified
tiles may be assumed to be the same as the portions of
the previously decoded complete video frame that are
not within one of the identified tiles. [0039] FIG. 2
is a block diagram illustrating exemplary details of
encoder 16 (FIG. 1). In the example of FIG. 2,
pre-processor 10 or another hardware and/or software
unit may store a sequence of unencoded video frames in
a frame buffer 30 in encoder 16. Frame buffer 30 may
be a unit of memory that may be separate from or part
of a main memory of encoder 16. This sequence of video
frames may include a variable number of video frames.
For example, a first sequence of video frames may
include five video frames, a second sequence of video
frames may include sixteen video frames, and a third
sequence of video frames may include three hundred
video frames. In another example, a sequence of video
frames may form one or more Group Of Pictures
("GOPs").[0040] When a sequence of video frames is
stored in frame buffer 30, a motion estimation unit 32
in encoder 16 may generate motion data for each
partition in each video frame in the sequence of video
frames. As used in this disclosure, a "partition" is a
contiguous group of pixels. For example, a partition
may be a 16x16 group of pixels. 



In this example, the term "partition" may be
synonymous with the term "macroblock" or "block" used
in the parlance of the MPEG and H.26x video coding
standards. However, in a more general example, a
partition may be a group of pixels in any shape (e.g.,
triangular, trapezoidal, circular, rectangular, etc.).
[0041] The motion data generated by motion estimation
unit 32 may vary depending on how a current frame is
to be encoded. For instance, if a frame is to be
inter-coded as a predictive frame ("P-frame"), motion
estimation unit 32 may generate motion vectors for
each partition of the frame. Each motion vector
generated by motion estimation unit 32 may specify
displacement values of one or more partitions from
positions in one or more reference frames to a
position in the P-frame. For example, a motion vector
for a partition may specify one or more reference
frames, horizontal displacements of the identified
partitions, and vertical displacements of the
identified partitions. In this example the reference
frames specified in a motion vector of a current frame
need not be frames that immediately precede or follow
the current frame. For instance, in the H.264
standard, a reference frame may be up to sixteen
frames removed from a current frame. If the frame is
to be inter-coded as a bi-predictive frame
("B-frame"), motion estimation unit 32 may generate,
for each partition of the frame, a set of lists of
reference frame index values. During decoding, the
lists of frame index values may be used to interpolate
a position of the partition in the B-frame. If the
frame is to be encoded as an intra-coded frame
("I-frame"), motion estimation unit 32 may not
generate motion data or may perform no action with
regard to the I-frame. [0042] After motion estimation
unit 32 generates motion data for each partition in
each video frame in the sequence of video frames, a
mode decision module 34 may select a partition
encoding mode for each partition. For example, in the
H.264/AVC standard, mode decision module 34 may
determine on a partition-by-partition basis whether
partitions of intra-frames are to be encoded using an
Intra_4x4 coding mode or an Intra_16xl6 coding mode.
Furthermore, in the H.264/AVC standard, mode decision
module 34 may determine on a partition-by-partition
basis whether partitions of Pframes are to be encoded
using a "skip" mode or are to be encoded using
motioncompensation. In the "skip" mode, the partition
is interpreted to store the same pixel data as an
equivalently-located partition in a reference frame.
[0043] In addition to selecting an encoding mode for
each partition in each video frame of the sequence of
video frames, mode decision module 34 may perform a
"mode 



smoothing" operation on the partitions. In general,
when mode decision module 34 performs a mode smoothing
operation, mode decision module 34 reclassifies
isolated partitions of a first mode as partitions of a
second mode. For example, in a sequence of video
frames, a single partition may move across an
otherwise static background. In this example,
partitions of the static background may be "skip" mode
partitions and the moving partition may be encoded
according to another mode. A mode smoothing operation
may re-classify this partition as a skip mode
partition. Frequently such isolated moving partitions
are visual noise and may be unnecessary and visually
distracting. By performing the mode smoothing
operation on the partitions, mode decision module 34
may effectively increase the number of skip mode
partitions while at the same time reducing visual
noise. [0044] After mode decision module 34 determines
a partition encoding mode for each partition, a
partition map module 36 in encoder 16 may generate a
partition map for each video frame of the sequence of
video frames. After generating the partition map for a
video frame, partition map module 36 may store the
partition map in a map buffer 38. Map buffer 38 may be
a separate memory unit, an area within a main memory
of encoding device 4 or any suitable memory unit
accessible by encoder 16. [0045] A partition map for a
video frame may include a data structure for each
partition of the video frame. A data structure for a
partition of a video frame specifies information about
the partition needed to identify tiles. For example, a
data structure for a partition may specify an encoding
mode for the partition, may specify whether the
partition is in an area of uniform motion, and/or
other information regarding the partition. In another
example, a data structure for a partition may specify
luma information of the partition, a chroma palette of
the partition (e.g., black-and-white, sepia, etc.),
whether the partition is in an area of uniform motion,
whether the partition is in an area of accelerating
motion, whether the partition is in an area of
morphing motion (e.g., zoom in/zoom out), and/or other
information regarding the partition. [0046] A tile
identification module 40 ("TILE ID. MODULE") in
encoder 16 may use the partition maps in map buffer 38
to identify one or more sets of tiles of video frames
in the sequence of video frames. Tile identification
module 40 may identify the one ormore sets of tiles of
video frames in a sequence of video frames in a
variety of ways. For instance, FIG. 3 provides
exemplary details regarding how tile identification
module 40 may identify sets of tiles that are
co-located. Alternatively, tile identification 



module 40 may identify sets of tiles of the video
frames that overlap but are not strictly co-located.
In addition to identifying the sets of tiles, tile
identification module 40 may generate tile description
information for each of the identified set of tiles.
The tile description information for a set of tiles
may indicate a tile set index number that may be used
to reference the set of tiles, information that
indicates a location and shape of the set of tiles,
and possibly other attributes. [0047] Next, a fragment
extraction module 42 in encoder 16 may extract
fragments from the video frames. As used herein, a
"fragment" is a picture within a tile of a video
frame. For example, if tile identification module 40
identified a rectangular tile of a video frame with a
top-left coordinate at pixel (5, 5) of the video frame
and a bottomright coordinate at (10, 10) of the video
frame, fragment extraction module 42 may extract from
the video frame the set of partitions within the
rectangular picture of the frame with a top-left
coordinate at (5, 5) and a bottom-right coordinate at
(10, 10). This set of partitions is the fragment. In
another example, as may be the case with intracoded
video frames ("I-frames"), if tile identification
module 40 identifies a rectangular tile of a video
frame with a top-left coordinate at pixel (0, 0) of
the video frame and a bottom-right coordinate at the
bottom-right corner of the video frame, fragment
extraction module 42 may extract from the frame the
set of partitions that includes all partitions of the
frame. [0048] After extracting the fragments and
associated motion data, fragment extraction module 42
may store the fragments and the associated motion
vectors in a fragment buffer 44. Fragment buffer 44
may be a separate memory unit, an area of a main
memory of encoding device 4, or otherwise. [0049]
After fragment extraction module 42 extracts a
fragment and associated motion data, fragment
extraction module 42 may generate picture
identification information for the fragment. The
fragment identification information of a fragment may
indicate an index number of the frame from which
fragment extraction module 42 extracted the fragment.
In addition, the fragment identification information
of a fragment may indicate an index number of a set of
tiles associated with the fragment. As described
above, the index number of a set of tiles may be
indicated by the tile description information of the
set of tiles. In this way, the fragment identification
information of afragment identifies the relationship
between the fragment and a video frame. For example,
the fragment identification information of a fragment
may indicate that the 



fragment was extracted from frame "5" and is
associated with a set of tiles "3." [0050]
Subsequently, fragment buffer 44 may send a set of
motion data associated with the partitions of one of
the fragments to a motion compensation unit 46
("MOTION COMP. UNIT") in encoder 16. For purposes of
explanation, this one of the fragments is referred to
herein as the "current fragment." When motion
compensation unit 46 receives the set of motion data
associated with partitions of the current fragment,
motion compensation unit 46 may determine whether the
current fragment is to be encoded as a P-frame, a
B-frame, or as an I-frame. [0051] If the current
fragment is being encoded as a P-frame, the motion
data associated with the current fragment may specify
one or more motion vectors and one or more frame index
values for each partition of the current fragment.
Motion compensation unit 46 may retrieve from a
reference buffer 48 each reference fragment that is
associated with the specified frame index values and
that is also associated with the tile set index value
specified by the fragment identification information
of the current fragment. [0052] After retrieving the
reference fragments from reference buffer 48, motion
compensation unit 46 may, for each partition of the
current fragment, use the motion vectors of the
partition to identify a partition in one or more of
the retrieved reference fragments and then place the
identified partition into the partition of the current
fragment. For instance, a motion vector for a
partition of the current fragment may indicate a
partition of one of retrieved reference fragments by
specifying a horizontal displacement and a vertical
displacement between the partition of the current
fragment and the partition of the retrieved reference
fragment. In this instance, motion compensation unit
46 may use the pixel data of the indicated fragment of
the retrieved reference fragment as the pixel data of
the fragment of the current fragment. In this way,
motion compensation unit 46 "moves" partitions from
the reference fragments into appropriate locations in
the predictive fragment associated with the current
fragment. [0053] When the current fragment is smaller
than the video frame from which it was extracted, the
current fragment includes fewer partitions than the
video frame. Because the current fragment includes
fewer partitions than the video frame, motion
compensation unit 46 may perform the motion
compensation operation on the current fragment more
quickly and efficiently (in terms of computational and
hardwarecomplexity) than motion compensation unit 46
would be able to perform the motion 



compensation operation on the video frame. [0054] If
the current fragment is being encoded as a B-frame,
the motion data associated with the current fragment
may specify two or more lists for each partition of
the current fragment. In one exemplary implementation,
the first one of the lists for a partition (i.e., List
0) may specify zero or more frame index values of
frames that occur before the frame from which the
current fragment was extracted. The second one of the
lists for the partition (i.e., List 1) may specify
zero or more frame index values of frames that occur
after the frame from which the current fragment was
extracted. Motion compensation unit 46 may retrieve
from reference buffer 48 each reference fragment that
is associated with the frame index values specified in
the two or more lists and that is also associated with
the tile set index value of the current fragment.
After retrieving the reference fragments from
reference buffer 48, motion compensation unit 46 may,
for each partition of the current fragment,
interpolate the content of the partition. [0055] If
the current fragment is to be encoded as an I-frame,
motion compensation unit 46 may identify a predictive
fragment that is all zeros. Because the predictive
fragment is all zeros, when a residual generation
module 50 in encoder 16 adds a negative version of the
predictive fragment with the current fragment, the
resulting residual fragment is the same as the current
fragment. In an alternative implementation, motion
compensation unit 46 and residual generation module 50
may be by-passed completely when the current fragment
is to be encoded as an I-frame. In other words, the
current fragment may be provided directly to a block
transform unit 52 in encoder 16. [0056] As alluded to
in the previous paragraph, after motion compensation
unit 46 generates the predictive fragment, residual
generation module 50 may generate a residual fragment
by adding a negative version of the predictive
fragment and the corresponding original fragment
stored in fragment buffer 44. More generally, residual
generation module 50 may generate a residual fragment
that represents the difference between the predictive
fragment and the corresponding original fragment.
Next, block transform unit 52 may generate a set of
coefficients by performing a transformation process on
the residual fragment. For instance, block transform
unit 52 may generate a matrix of coefficients for each
block of pixels in the residual picture by performing
a two-dimensional discrete cosine transform on each of
the blocks of pixels within the residual fragment.
After block transform unit 52 generates the set of
coefficients, a 



quantization module 54 ("QUANTIZ. MODULE") in encoder
16 may generate a set ofquantized coefficients by
quantizing the coefficients in the set of
coefficients. For instance, quantization module 54 may
use a quantization matrix to quantize the coefficients
in each matrix of coefficients. [0057] An entropy
coding unit 106 in encoder 16 may then perform an
entropy encoding operation on the set of quantized
coefficients. For example, entropy coding unit 106 may
perform a context-adaptive variable length coding
("CAVLC") operation on the set of quantized
coefficients. Furthermore, entropy coding unit 106 may
perform an entropy encoding operation on the set of
motion data associated with the current fragment. For
example, entropy coding unit 106 may perform an
exponential-Go lomb coding operation on the motion
data associated with the current fragment. As
discussed above, if the current fragment is being
encoded as a p-frame, the motion data associated with
the current fragment may comprise sets of motion
vectors of partitions of the current fragment. If the
current fragment is being encoded as a b-frame, the
motion data associated with the current fragment may
comprise flags indicating skip mode partitions, lists
of fragment identifiers from which content of the
partitions within the current fragment can be
interpolated. [0058] After entropy coding unit 106
performs the entropy encoding operation on the set of
quantized coefficients and the corresponding motion
data, an output module 58 in encoder 16 may output the
entropy encoded quantized coefficients and
corresponding motion vectors associated with the
current fragment. Because fragments of a video frame
may not include all of the video frame, output module
58 may output less data than if output module 58 were
outputting the complete video frame. [0059] Output
module 58 may output tile description information and
fragment identification information associated with
the current frame. Output module 58 may output the
fragment identification information and the tile
description information in a variety of ways. In a
first example, if output module 58 is outputting the
encoded fragments in accordance with the H.264
standard, output module 58 may map each encoded
fragment to a different frame in an H.264 stream.
Furthermore, in this first example, output module 58
may output supplemental enhancement information
("SEI") that indicates the fragment identification
information and the tile description information. In a
second example, if output module 58 is outputting the
encoded fragments in accordance with the H.264
standard, output module 58 may map the 



encoded fragments associated with a frame to different
slice groups in accordance with the flexible
macroblock ordering ("FMO") capability of the H.264
standard. In thissecond example, mechanisms for
describing the locations of the different slice groups
are already included in the H.264 standard. In a third
example, if compliance to a standard is not critical,
as in closed applications where the decoder/receiver
and transmitter/encoder are aware of the capabilities
of each other, a new syntax/semantics or format can be
used to communicate this information and the format
can be programmed a priori at the decoder. [0060]
Furthermore, when quantization module 54 generates a
set of quantized coefficients associated with the
current fragment, an inverse quantization unit 60
("INVERSE QUANTIZ. MODULE") in encoder 16 may generate
a set of inverse quantized coefficients associated
with the current fragment by performing an inverse
quantization operation on the set of quantized
coefficients. Inverse quantization unit 60 may perform
the inverse quantization operation using an inverse
quantization matrix that corresponds to the
quantization matrix used by quantization module 54.
After inverse quantization unit 60 generates the set
of inverse quantized coefficients, an inverse
transform unit 62 in encoder 16 may generate a decoded
residual picture associated with the current fragment
by applying to the set of inverse quantized
coefficients an inverse of the transform applied by
block transform unit 52. For example, if block
transform unit 52 applied a two-dimensional discrete
cosine transform, inverse transform unit 62 may apply
a two-dimensional inverse discrete cosine transform.
[0061] A fragment reconstruction module 64 ("FRAGMENT
RECONST. MODULE 64") in encoder 16 may generate a
reconstructed fragment associated with the current
fragment by adding the decoded residual picture
associated with the current fragment and the
predictive picture associated with the current
fragment. While encoder 16 in the example of FIG. 2
uses an adder to generate the reconstructed fragment,
it should be appreciated that other types of hardware
or software modules may perform the functionality of
fragment reconstruction module 64. When fragment
reconstruction module 64 generates the reconstructed
fragment, fragment reconstruction module 64 may store
the reconstructed picture in reference buffer 48 for
subsequent use as a reference fragment. Because
reference fragments may include fewer bits than
complete video frames, reference buffer 48 may be
smaller than if reference buffer 48 had to store 



complete video frames. In addition, because reference
fragments may include fewer bits than complete video
frames, memory transfer traffic requirements may be
reduced. As a result of the lower memory transfer
traffic, it may require less time and power towrite
reference fragments to reference buffer 48. After
reference buffer 48 stores the reconstructed picture,
motion compensation unit 46 may receive another set of
motion data from fragment buffer 44 and this process
may occur again with regard to another fragment in
fragment buffer 44. Furthermore, this process may
continue until all fragments in fragment buffer 44
have been processed. [0062] FIG. 3 is a block diagram
illustrating exemplary details of tile identification
module 40. In the example of FIG. 3, tile
identification module 40 includes a partition activity
module 70 that uses the partition maps generated by
partition map module 36 to create a composite
partition activity map for the video sequence. A
partition activity map for a video frame indicates
which partitions of the video frame are "active" and
which partitions of the frame are "inactive." For
instance, a partition activity map may be an array of
Boolean values with "true" values indicating active
mode partitions and "false" values indicating inactive
partitions. A partition of a given video frame is an
inactive partition when the motion vector of the
partition indicates that the partition has no
displacement relative to a partition in a reference
frame and when the partition has no residual value
vis-a-vis the co-located partition in the reference
frame. Conversely, a partition of a given frame is
"active" when the motion vector of the partition
indicates that the partition has at least some
displacement relative to a partition in a reference
frame, when the partition has a non-zero residual
value vis-a-vis a co-located partition in the
reference frame, or when the partition has a non-zero
residual value vis-a-vis a co-located partition in the
reference frame and has at least some displacement
relative to a partition in the reference frame. [0063]
In order to generate the composite partition activity
map, a map module 7 1 in partition activity module 70
may generate one or more partition activity maps for a
video frame by identifying groups of partitions in the
frame that have substantially uniform motion. In order
to identify groups of partitions that have
substantially uniform motion, map module 7 1 may apply
a moving median filter to the horizontal displacements
indicated by components corresponding to the
horizontal dimension of motion vectors of the
partitions and a moving median filter to the vertical
displacements indicated by components corresponding to
the vertical dimension of motion vectors of 



the partitions. The moving median filter effectively
removes noise or other non significant difference
among displacements. A moving median filter takes a
set of points (e.g., displacement values) and, given a
span for the filter, takes a subset of those points
centered at x, and returns the median of the subset.
For example, suppose that thefollowing values were
horizontal or vertical displacement values: 1, 1, 1,
1, 5, 4, 4, 1, 9, 4 and the span of the filter is
five. In this example, there could be ten subsets,
each having a median value: Subset 1: 1 -median = 1;
Subset 2 : 1, 1 -median = 1; Subset 3 : 1, 1, 1
-median = 1; Subset 4 : 1, 1, 1, 1 -median = 1; Subset
5 : 1, 1, 1, 1, 5 -median = 1; Subset 6 : 1, 1, 1, 5,
4 -median = 1; Subset 7 : 1, 1, 5, 4, 4 -- median = 4;
Subset 8 : 1, 5, 4, 4, 1 -- median = 4; Subset 9 : 5,
4, 4, 1, 9 - median = 4; Subset 10: 4, 4, 1, 9, 4-
median = 4. In this example, the output of the moving
median filter is: 1, 1, 1, 1, 1, 1, 4, 4, 4, 4. Notice
how moving median filter removes the "5" and "9"
values. After applying the moving median filter, map
module 7 1 may identify groups of consecutive filtered
displacement values that have the same value. For
instance, map module 7 1 may identify the group of l ,
1, 1, 1, 1, 1 as a first group of consecutive filtered
displacement values and the group of 4, 4, 4, 4 as a
second group of consecutive filtered displacement
values. Next, map module 7 1 may denote partitions
associated with groups of non-zero filtered
displacement values as active partitions. For example,
the following table of filtered displacement values
illustrates this: Table 1 1,0 1,0 0,0 0,0 0,0 1,0 1,0
0,0 1,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0, 0,-4 0,-4
0,0 0,0 0,0 0,-4 0,-4 In Table 1, each cell represents
a partition, the first number in a cell represents a
filtered 



horizontal displacement value of the partition, and
the second number in a cell represents a filtered
vertical displacement value of the partition. Using
Table 1, map module 7 1 may denote the four partitions
in the upper-left corner as active partitionsand the
four partitions in the lower-right corner as active
partitions. The remaining partitions are inactive
partitions because their filtered displacement values
are zero. [0064] In another example of how map module
7 1 may generate a partition activity map, map module
7 1 may use partition encoding modes rather than
motion vector displacement values. To illustrate this,
consider Table 2 below: Table 2 In Table 2, each cell
represents a partition and the word inside a cell
indicates the encoding mode used to encode the
partition represented by the cell. Using Table 2, map
module 7 1 may denote the four partitions in the
top-right as active partitions and the four partitions
in the lower-left as active partitions. [0065] FIG. 4
illustrates an exemplary sequence of video frames 80
and a corresponding set of partition maps 82 that show
active partitions as black blocks. As illustrated in
the example of FIG. 4, sequence of video frames 80
includes frame 80A, frame 80B, frame 80C, and frame
80D. In the example of FIG. 4, frame 80A is an
intra-frame. When tile identification module 40 is
identifying tiles for sequence 80, map module 7 1 may
generate a set of partition activity maps 82. The set
of partition activity maps 82 includes a map 82A, map
82B, map 82C, and map 82D. Map 82A corresponds to
frame 80A, map 82B corresponds to frame 80B, map 82C
corresponds to frame 80C, and map 82D corresponds to
frame 80D. [0066] Each of video frames 80 is a
representation of a man standing in front of a desert
background. For instance, the man might be delivering
a remote newscast. As is apparent from video frames
80, the desert background does not move or change
significantly during video frames 80. Rather, all of
the movement and change in video frames 80 is
concentrated around the man's head. Because the
movement and change in video frames 80 is concentrated
around the man's head, the partitions of video frames
80 located in the region around the man's head tend to
be active partitions whereas partitions of video
frames 80 associated with the background are inactive
partitions.Consequently, map 82B, map 82C, and map 82D
include black blocks indicating active partitions in
the region around the man's head. Map 82A does not
include any active mode partitions because frame 8OA
is an I-frame and I-frames are not constructed with
reference to other frames. 



[0067] With reference again to FIG. 3, tile
identification module 40 may use the partition
activity maps to identify one or more sets of tiles of
video frames in the sequence of video frames. Tile
identification module 40 may use a variety of
techniques to identify sets of tiles of video frames
in the sequence of video frames. In the example of
FIG. 3, partition activity module 70 may include a
composite map module 72 that uses the partition
activity maps generated by map module 7 1 to generate
a composite partition activity map. As used in this
disclosure, a partition activity map is a composite of
two or more source partition activity maps if, for
every active partition in one of the source partition
activity maps, a collocated partition in the partition
activity map is an active partition and if, for every
inactive partition of the activity map there is no
collocated partition of the source partition activity
maps that is an active partition. Source partition
activity maps may include partition activity maps
associated with Iframes, P-frames, B-frames, or
otherwise. Composite map module 72 may generate a
composite partition activity map by performing logical
"or" operations over each of the partition activity
maps. In this way, a partition in the composite
partition activity map is active when one or more
co-located partitions in one or more of the frames are
active. FIGs. 5A, 5B, and 5C illustrate exemplary
composite partition activity map 90. Composite
partition activity map 90 is a composite partition
activity map of partition activity maps 82A through
82D (FIG. 4). In other words, composite partition
activity map 90 may represent the result of performing
a logical "or" operation over partition activity maps
82A through 82D. [0068] After generating composite
partition activity map 90, a tile construction module
73 in tile identification module 40 may use composite
partition activity map 90 to determine whether the
percentage of inactive partitions in composite
partition activity map 90 exceeds a given composite
partition activity threshold. The composite partition
activity threshold may have a variety of different
values ranging, for instance, from 20% and higher. If
the percentage of inactive partitions in the overall
partition activity map does not exceed the composite
partition activity threshold, tile construction module
73 may identify a single set of tiles. Each tile in
this set of tiles includes the entire area of a video
frame in the sequence of video frames. Tile
identification module 40 mayevaluate whether the
percentage of inactive partitions in composite
partition activity map 90 exceeds the composite
partition activity threshold in order to assess
whether it would be more efficient in terms of
computational load and/or power consumption to 



encode the video frames based on tiles or based on
whole video frames. In other words, when the
percentage of inactive partitions in composite
partition activity map 90 is below the composite
partition activity threshold, it may be more efficient
to encode whole video frames rather than tiles of the
video frames. [0069] On the other hand, if the
percentage of inactive partitions in composite
partition activity map 90 exceeds the threshold, tile
construction module 73 may identify one or more tiles
of composite partition activity map 90 that include
active partitions. The tiles of composite partition
activity map 90 may represent distinct areas of
uniform motion within the sequence of video frames. As
illustrated in the example of FIG. 5A, tile
construction module 73 has identified a tile 92 that
includes a rectangular area around the upper group of
active mode partitions in composite partition activity
map 90 and has identified a tile 94 that includes a
rectangular area around the lower group of active mode
partitions in composite partition activity map 90.
Tile 92 corresponds to the active partitions around
the man's head in video frames 80 and tile 94
corresponds to the text in video frames 80. The
example of FIG. 5B illustrates alternate regions that
tile construction module 73 has identified using this
same composite partition activity map 90. As
illustrated in the example of FIG. 5B, tile
construction module 73 has identified a first
polygonal tile 102 that includes the upper group of
active mode partitions in composite partition activity
map 100. In addition, tile construction module 73 has
identified a second polygonal tile 104 that includes
the lower group of active mode partitions in composite
partition activity map 100. [0070] The example of FIG.
5C illustrates additional alternate tiles that tile
construction module 73 may identify using composite
partition activity map 90. Using composite partition
activity map 90, tile construction module 73 has
identified a first preliminary tile 112 that includes
the upper group of active mode partitions and has
identified a second preliminary tile 114 that includes
the lower group of active mode partitions. Preliminary
tile 112 may or may not be identical to tile 92 in
FIG. 5A and preliminary tile 114 may or may not be
identical to tile 94 in FIG. 5A. However, in the
example of FIG. 5C, tile construction module 73 has
also identified a tile 116 that includes partitions
that are within preliminary tile 112 and partitions
that extend a given number of pixels in each direction
from preliminary tile 112. Furthermore, in the example
ofFIG. 5C, tile construction module 73 has identified
a tile 118 that includes partitions that are within
preliminary tile 114 and partitions that extend the
given number of pixels 



in each direction from preliminary tile 114. This
given number of pixels may be such that all motion
vectors of partitions in preliminary tiles 112 and 114
indicate areas that are within tiles 116 and 118,
respectively. As illustrated in FIG. 5C, this extra
area is illustrated with diagonal lines. [0071] After
identifying a tile of a composite partition activity
map, tile construction module 73 may identify a tile
of each video frame in the sequence of video frames
that is co-located with the identified tile of the
composite partition activity map. In other words, tile
construction module 73 identifies a tile of a video
frame such that the tile includes a partition of the
video frame if and only if the partition is in a
location of the video frame that corresponds to a
location of a partition included in the identified
tile of the composite partition activity map. In this
way, tile construction module 73 identifies a set of
co-located tiles of the video frames in the sequence
of video frames. [0072] Under some circumstances, it
may be advantageous to use tile 116 and tile 118 of
FIG. 5C as opposed to tiles 92, 94, 102, and 104
illustrated in the example of FIG. 5A or FIG. 5B. For
example, as explained above, motion compensation unit
46 in encoder 16 fetches reference fragments from
reference buffer 48. Because reference buffer 48 may
be an area of the main memory of encoding device 4,
fetching reference pictures from reference buffer 48
may be a time and power consuming process.
Furthermore, when motion compensation unit 46 fetches
a reference fragment from reference buffer 48, motion
compensation unit 46 may store the reference fragment
in a memory unit that is local to motion compensation
unit 46. Due to the expanded areas of tiles 116 and
118, some partitions are shared between reference
fragments. Because some partitions are shared between
reference fragments, it may not be necessary for
motion compensation unit 46 to fetch those shared
partitions twice. Not having to fetch the shared
partitions twice may save time and power. A similar
situation may apply with regard to a motion
compensation unit in decoder 18. [0073] In order to
actually identify one or more tiles of a composite
partition activity map, tile construction module 73
may perform a variety of different operations. For
example, tile construction module 73 may identify
connected sets of active partitions in a composite
partition activity map by "pruning" away inactive
partitions of the composite partition activity map
until only active partitions remain. In this example,
tile construction module 73 may then identify
rectangular tiles (e.g., tiles 92 and 94 inFIG. 5A and
tiles 112 and 114 in FIG. 5C) by adding inactive
partitions back into the 



tiles in order to make the tiles rectangular. In
another example, tile construction module 73 may
identify contiguous sets of active partitions of a
composite partition activity map by identifying a
first active mode partition of the composite partition
activity map and then identifying active mode
partitions of the composite partition activity map
that neighbor this first active mode partition and
then identifying active mode partitions that neighbor
these active mode partitions and so on. [0074]
Furthermore, tile construction module 73 may identify
the tiles of a composite partition activity map in
such a way that fragments associated with tiles based
on the identified tiles may be fetched from memory in
a time and/or power efficient manner. For example,
tile construction module 73 may identify a tile of a
composite partition activity map such that fragments
associated with the tiles based on the tile may be
stored entirely within single memory pages. In this
example, it may take less time and/or power to
retrieve a fragment when the entire fragment is stored
within a single memory page. In contrast, complete
video frames may be larger than fragments. Because
complete video frames may be larger than fragments, it
might not be possible to store complete video frames
within single memory pages. [0075] When tile
construction module 73 identifies a tile of the
composite partition activity map, tile construction
module 73 may identify tiles of each of the video
frames. The identified tiles of the video frames may
be co-located with the tile of the composite partition
activity map. These identified tiles constitute a set
of tiles. Tile construction module 73 may identify
such a set of tiles for each connected set of active
partitions in the composite partition activity map.
[0076] After tile construction module 73 identifies
the sets of tiles, a tile description module 74 in
tile identification module 40 may create tile
description information for each of the identified
sets of tiles. The tile description information for a
set of tiles may indicate a tile index value that is
unique among the identified sets of tiles. Because the
tile index value is unique among the identified sets
of tiles, the tile index value of a set of tiles may
be used to access the tile description information of
the set of tiles. Furthermore, the tile description
information for a set of tiles may indicate the shape
of the tiles in the set of tiles and the position of
the tiles in the set of tiles within the video frames.
For example, the tile description information of a set
of co-located tiles may indicate that the each tile in
the set of co-located tiles is rectangular and has a
top-left 



corner at pixel (27, 32) of the video frames and a
bottom-right corner at pixel (63, 82) ofthe video
frames. In an alternative example, the tile
description information for a set of co-located tiles
may list identifiers of partitions of the video frames
that are included in the tiles of the set of
co-located tiles. Furthermore, if tile in a set of
tiles are not colocated, the tile description
information of the set of tiles may indicate positions
of each of the tiles in the set of tiles. [0077] FIG.
5D illustrates the effect of mode smoothing on a
partition activity map 120. As illustrated in the
example of FIG. 5D, partition activity map 120
includes a first set of contiguous active partitions
121 and a second set of contiguous active partitions
122. Partitions in set 121 and set 122 may be encoded
as "direct mode" partitions, may be encoded as "DC
mode" partitions, or may be encoded as another type of
non-skip partitions. In addition to set 121 and set
122, partition activity map 120 includes two isolated
active partitions 123. [0078] Partition activity map
124 in FIG. 5D is a partition activity map that
results from applying mode smoothing to partition
activity map 120. As discussed above, mode smoothing
may force isolated active partitions to be encoded as
skip-mode partitions. Forcing isolated active
partitions to be skip-mode partitions may reduce the
number of tiles and therefore augment the compression
achieved by encoder 16. Notice that partition activity
map 124 includes set 121 and set 122. Partition
activity map 124 includes set 121 and set 122 because
set 122 and set 122 are large enough not to be
"smoothed out" (i.e., forced into skip-mode). However,
partition activity map 124 does not include isolated
active partitions 123. [0079] FIGS. 6A and 6B
illustrate an exemplary operation of encoder 16 as
presented in FIG. 2. In accordance with the exemplary
operation illustrated in FIG. 6A, a sequence of
unencoded video frames is stored in frame buffer 30
(130). Next, motion estimation unit 32 in encoder 16
may identify motion data for partitions of video
frames in the sequence of unencoded video frames
(132). After motion estimation unit 32 identifies the
motion data for partitions of the video frames in the
sequence of unencoded video frames, mode decision
module 34 in encoder 16 may identify a partition mode
for each partition of each of the video frames in the
sequence of video frames (134). In addition, mode
decision module 34 may perform a mode smoothing
operation on the partitions of each of the video
frames in the sequence of video frames (136). As
described above with regard to FIG. 5D, mode smoothing
may force isolated active partitions to be 



encoded as skip-mode partitions, thereby reducing the
potential number of tiles that tile identification
module 40 eventually identifies.[0080] Partition map
module 36 may then generate a partition activity map
for each video frame in the sequence of video frames
(138). As described above, the partition activity maps
for the video frames store information that may be
used to identify sets of tiles of the video frames.
Tile identification module 40 may then use these
partition activity maps to generate a composite
partition activity map (140). For example, given
partition activity maps 32 in FIG. 4, tile
identification module 40 may generate composite
partition activity maps 90, 100, and 110 as
illustrated in FIGS. 5A-5C. Next, tile identification
module 40 may determine whether the percentage of
inactive partitions in the composite partition
activity map exceeds a given threshold (140). [0081]
If the percentage of inactive partitions in the
composite partition activity map does not exceed the
threshold ("NO" of 142), tile identification module 40
may identify a set of tiles of the video frames,
wherein each of the tiles includes all partitions of
each video frame in the sequence of video frames
(144). In an alternative implementation, if the
percentage of inactive partitions in the composite
partition activity map does not exceed the threshold
("NO" of 142), encoder 16 may perform traditional
partition-based encoding. [0082] On the other hand, if
the percentage of inactive partitions in the composite
partition activity map is greater than or equal to the
threshold ("YES" of 142), tile identification module
40 may identify one or more sets of tiles of video
frames of the sequence of video frames (146). For
example, tile identification module 40 may identify
sets of tiles within P-frames and B-frames.
Furthermore, in this example, tile identification
module 40 may identify a tile in each I-frame that
includes all of the Iframe. In another example, tile
identification module 40 may identify tiles within an
Iframe such that one part of the I-frame could
"reference" another part or tile/fragment of the same
I-frame. In this way, there could be a few reference
tiles identified in the Iframe and the rest of the
I-frame could be predicted based on this reference.
[0083] After tile identification module 40 identifies
the sets of tiles (i.e., after 144 or after 148), tile
identification module 40 may generate tile description
information for each of the sets of tiles (150).
Fragment extraction module 42 may then extract
fragments associated with the identified tiles from
the video frames (152). In addition, fragment
extraction module 42 may generate picture
identification information for each 



of the extracted fragments (154). Fragment extraction
module 42 may then store in fragment buffer 44
fragments, motion data associated with the fragments,
and the fragment identification information
(156).[0084] Next, encoder 16 may perform the
operation illustrated in the example of FIG. 6B.
Within FIG. 6A, the operation illustrated in the
example of FIG. 6B is denoted as "B". After performing
the operation illustrated in the example of FIG. 6B,
encoder 16 may loop back and store another sequence of
video frames into frame buffer 30 (130). [0085] In
accordance with the operation illustrated in the
example of FIG. 6B, motion compensation unit 46 in
encoder 16 may determine whether there is an
unprocessed picture in fragment buffer 44 (170). If
motion compensation unit 46 determines that there is
an unprocessed fragment in fragment buffer 44 ("YES"
of 170), motion compensation unit 46 may determine
whether the unprocessed fragment in fragment buffer 44
(i.e., the current fragment) is to be encoded in
inter-mode or intra-mode (171). If motion compensation
unit 46 determines that the current fragment is not to
be encoded in inter-mode ("NO" of 171), motion
compensation unit 46 may use the reference fragments
in reference buffer 48 indicated by the motion data
associated with a first unprocessed fragment in
fragment buffer 44 (i.e., the current fragment) to
identify a predictive fragment associated with the
current fragment (172). [0086] Next, residual
generation module 50 may generate a residual fragment
by adding a negative version of the predictive
fragment associated with the current fragment and the
original current fragment (174). In this way, the
pixel values of the current fragment become residual
pixel values. After residual generation module 50
transform the current fragment or after motion
compensation unit 46 determines that the current
fragment is to be encoded in inter-mode ("YES" of
171), block transform unit 52 may generate a set of
coefficients associated with the current fragment by
transforming the residual fragment associated with the
current fragment (176). Quantization module 54 may
then generate a set of quantized coefficients
associated with the current fragment by applying a
quantization operation to the set of coefficients
associated with the current fragment (178). [0087]
Subsequently, entropy encoding unit 56 may apply an
entropy encoding operation in order to encode the set
of quantized coefficients associated with the current
picture, the motion data associated with partitions of
the current fragment, and picture identification
information associated with the current fragment
(180). After applying 



the entropy encoding operation, output module 58 may
output the entropy encoded data associated with the
current fragment (182). When entropy encoding unit 56
outputs the entropy encoded data associated with the
current fragment, entropy encoding unit 56may also
output the tile description information generated by
tile identification module 40. [0088] Next, inverse
quantization unit 60 may generate a set of inverse
quantized coefficients associated with the current
fragment by performing an inverse quantization
operation on the set of quantized coefficients
associated with the current fragment (184). Next,
inverse transform unit 62 may generate a decoded
residual fragment associated with the current fragment
by performing an inverse transform operation on the
set of inverse quantized coefficients associated with
the current picture (186). [0089] After inverse
transform module 110 generates the decoded residual
picture, adder 112 may generate a reconstructed
fragment associated with the current fragment by
adding the decoded residual picture associated with
the current fragment with the predictive picture
generated by motion compensation unit 46 for the
current fragment (188). Reference buffer 48 may then
store the reconstructed fragment associated with the
current fragment (190). [0090] After reference buffer
48 stores the reconstructed fragment, motion
compensation unit 46 may again determine whether there
are any unprocessed fragments in fragments buffer 94
(170). If motion compensation unit 46 determines that
there are no unprocessed fragments in fragments buffer
94 ("NO" of 170), frame buffer 30 may again receive a
sequence of video frames (130) (FIG. 6A). [0091] FIG.
7 is a block diagram illustrating exemplary details of
decoder 18 (FIG. 1). As illustrated in the example of
FIG. 7, decoder 18 includes an entropy decoding unit
150. When entropy decoding unit 150 receives a media
object that includes an encoded set of quantized
coefficients associated with a fragment and motion
data associated with partitions of a current fragment,
entropy decoding unit 150 decodes the set of quantized
coefficients associated with the current fragment and
associated motion data by performing an entropy
decoding operation on the encoded quantized
coefficients and the motion data. Next, entropy
decoding unit 150 may provide the decoded quantized
coefficients associated with the current fragment to
an inverse quantization module 152 in decoder 18 and
may provide the decoded motion data associated with
the current fragment to a motion compensation unit 154
in decoder 18. 



[0092] In addition, entropy decoding unit 150 may
decode fragment identification information and tile
description information. For instance, entropy
decoding unit 150 may receive encoded SEI messages
that indicate the fragment identification information
and the tile description information. As discussed
above, the fragment identificationinformation for a
picture may indicate a frame associated with the
fragment and a set of tiles associated with the
fragment. The tile description information for a tile
indicates a location of the tile. When entropy
decoding unit 150 decodes the fragment identification
information and the tile description information,
entropy decoding unit 150 may store the decoded
fragment identification information and the decoded
tile identification information in a reference buffer
158 in decoder 18. [0093] When inverse quantization
module 152 receives a set of quantized coefficients
associated with the current fragment, inverse
quantization module 152 generates a set of inverse
quantized coefficients associated with the current
fragment by performing an inverse quantization
operation on the set of quantized coefficients. Next,
an inverse transform module 156 in decoder 18
generates a residual fragment associated with the
current fragment by performing an inverse transform
operation on the inverse quantized coefficients
associated with the current fragment. When motion
compensation unit 154 receives a set of motion data
associated with the current fragment, motion
compensation unit 154 may retrieve from reference
buffer 158 reference fragments indicated by motion
data in the set of motion data. For example, motion
compensation unit 154 may retrieve each fragment in
reference buffer 158 that is associated with a frame
index number specified by the motion data that is also
associated with the tile set index value of the
current fragment. Motion compensation unit 154 may
then use the retrieved reference fragments to generate
a predictive fragment associated with current
fragment. Motion compensation unit 154 may generate
the predictive fragment using, for example, the
techniques described above with regard to motion
compensation unit 46. After motion compensation unit
154 generates the predictive picture associated with
the current frame and inverse transform module 156
generates the residual picture associated with the
current frame, a fragment reconstruction module 160 in
decoder 18 generates a reconstructed fragment
associated with the current frame by adding the
predictive fragment and the residual fragment. While
decoder 18 in the example of FIG. 7 uses an adder to
generate the reconstructed fragment, it should be
appreciated that other types of hardware or software
modules may perform the functionality of 



fragment reconstruction module 160. [0094] After
fragment reconstruction module 160 generates the
reconstructed fragment, fragment reconstruction module
160 may determine whether the reconstructed fragment
is usable as a reference fragment. For example, in one
scheme, if the reconstructed fragment was encoded as a
B-frame, the reconstructed fragment may not be usable
as areference fragment. If fragment reconstruction
module 160 determines that the reconstructed fragment
is usable as a reference fragment, fragment
reconstruction module 160 may store the reconstructed
fragment in reference buffer 158 for subsequent use as
a reference fragment. In addition, if fragment
reconstruction module 160 determines that the
reconstructed fragment is usable as a reference frame,
fragment reconstruction module 160 may provide the
reconstructed fragment to a frame reassembly module
162 in decoder 18. Otherwise, if fragment
reconstruction module 160 determines that the
reconstructed fragment is not usable as a reference
frame, reconstruction module 160 may provide the
reconstructed fragment directly to frame reassembly
module 162 without storing the reconstructed frame in
reference buffer 158. [0095] Frame reassembly module
162 reassembles complete video frames. In order to
reassemble video frames, frame reassembly module 162
may receive a reconstructed fragment from fragment
reconstruction module 160. In the context of frame
reassembly module 162, the earliest frame that has not
yet been outputted by decoder 18 is referred to as the
"current frame." When frame reassembly module 162
receives a fragment (i.e., the "current fragment")
that is associated with the current frame, frame
reassembly module 162 may use the fragment
identification information associated with the current
fragment to identify a tile associated with the
current fragment. Next, frame reassembly module 162
may use the tile description information associated
with the identified tile to identify a location of the
tile. Frame reassembly module 162 may then copy the
current fragment to the identified location of the
current frame in a frame reassembly buffer 164. Frame
reassembly buffer 164 may store one or more frames in
various states of reassembly. [0096] As discussed
above, if the current frame is an I-frame, there may
be only one fragment associated with the current
frame. Furthermore, if the current frame is an Iframe,
the fragment associated with the current frame may
occupy the entire frame. On the other hand, if the
current frame is a P-frame or a B-frame, there may be
more than one fragment associated with the current
frame. Copying the current fragment to the 



identified location within the current frame
effectively updates the portion of the current frame
at the location associated with the identified set of
tiles. Copying the current fragment to the identified
location within the current frame does not change
partitions in frame reassembly buffer 164 that fall
outside the identified tile. By copying all fragments
associated with a frame into the appropriate locations
of the frame, framereassembly module 162 effectively
updates the frame to include all of the information of
the current frame. [0097] After frame reassembly
module 162 copies the current fragment to the
identified location of the current frame, frame
reassembly module 162 may determine whether all
fragments associated with the current frame have been
copied to the current frame. If all fragments
associated with the current frame have been copied to
the current frame, frame reassembly module 162 may
apply a smoothing filter to pixels in the current
frame where two or more fragments meet. Applying the
smoothing may to these pixels may reduce visual
discontinuities between pixels from different
fragments. Thus, the smoothing filter may effectively
reduce possible appearance of the different fragments
as separate blocks. After applying the smoothing
filter, frame reassembly module 162 may output the
current frame. Otherwise, if not all fragments
associated with the current frame have been copied to
the current frame, frame reassembly module 162 may
receive another reconstructed fragment. [0098] Other
implementations of decoder 18 may not include frame
reassembly module 162 or frame reassembly buffer 164.
In these implementations, post-processor 20 may
perform post-processing operations on the fragments
stored in reference buffer 158 and not on complete
video frames. For instance, post-processor 20 may
perform a de blocking operation on the fragments.
Furthermore, in these implementations, post processor
20 may reassemble the fragments into complete video
frames. For example, post-processor 20 may use the
fragments to perform a frame-rate up conversion. In a
frame-rate up conversion, post-processor 20 may add
one or more frames between each existing frame in a
sequence of frames, thereby increasing the frame rate
of the sequence of frames. In order to add a frame
between two or more existing frames, post processor 20
may perform motion compensation for tiles in frames
between existing frames based on the fragments. For
instance, post-processor 20 may use the motion vectors
of partitions in a fragment of a frame that follows
the frame being generated (i.e., the subsequent frame)
to identify positions that the partitions would have
in a 



fragment of the frame being generated (i.e., the
current frame). A fragment of the current frame may
result from performing such motion compensation for
all partitions of the fragment of the subsequent
frame. Post-processor 20 may then finish the current
frame by adding the fragments to the frame that
precedes the current frame (i.e., the preceding
frame). Furthermore, it should be appreciated that in
some circumstances, this frame-rate up conversion
technique may be practiced in the context of a
traditionalencoding and decoding methodology. In these
circumstances, post-processor 20 may receive complete
decoded video frames from a decoder, identify tiles in
video frames, extract fragments based on the tiles,
and then perform the frame rate up operation on the
fragments to generate additional frames in a sequence
of frames. In addition, buffer- fill module 22 may
also reassemble fragments into video frames. As
described in detail below, FIG. 13 illustrates an
exemplary operation that buffer-fill module 22 may use
to reassemble the fragments into complete video
frames. [0099] FIGS. 8A and 8B are flowcharts
illustrating exemplary operations of modules within
decoder 18 (FIG. 7). Initially, in the example
operation of FIG. 8A, entropy decoding unit 150 may
receive a media object that includes an encoded set of
quantized coefficients associated with a current
fragment, an encoded set of motion data associated
with partitions of the current fragment, fragment
identification information, and tile description
information (180). After receiving the encoded set of
quantized coefficients and the encoded set of motion
data, entropy decoding unit 150 may decode the encoded
set of quantized coefficients, the encoded set of
motion data, the fragment identification information,
and the tile description information (182). [00100]
Subsequently, inverse quantization module 152 may
perform an inverse quantization operation on the
decoded set of quantized coefficients associated with
the current fragment (184). Performing an inverse
quantization operation on the decoded set of quantized
coefficients results in an inverse quantized set of
coefficients associated with the current fragment.
Next, inverse transform module 156 may perform an
inverse transform operation on the inverse quantized
set of coefficients associated with the current
fragment (186). Performing an inverse transform
operation on the inverse quantized set of coefficients
results in a residual picture associated with the
current fragment. [00101] After inverse transform
module 156 performs the inverse transform operation or
while inverse quantization module 152 is performing
the inverse 



quantization operation or while inverse transform
module 156 is performing the inverse transform
operation, motion compensation unit 154 uses the
decoded set of motion data to identify a predictive
fragment associated with the current fragment (188).
Next, fragment reconstruction module 160 generates a
reconstructed fragment associated with the current
fragment by adding the predictive picture associated
with the current fragment and the residual picture
associated with the current fragment (190). After
fragment reconstruction module 160 generates the
reconstructed fragment, fragmentreconstruction module
160 may determine whether the reconstructed fragment
is usable as a reference fragment (191). If fragment
reconstruction module 160 determines that the
reconstructed fragment is usable as a reference
fragment ("YES" of 191), fragment reconstruction
module 160 may store the reconstructed fragment into
reference buffer 158 (192). After fragment
reconstruction module 160 stores the reconstructed
fragment into reference buffer 158, fragment
reconstruction module 160 may provide the
reconstructed fragment to frame reassembly module 162
(194). On the other hand, if fragment reconstruction
module 160 determines that the reconstructed fragment
is not usable as a reference fragment ("NO" of 191),
fragment reconstruction module 160 may provide the
reconstructed fragment directly to frame reassembly
module 162 (194). After fragment reconstruction module
160 provides the reconstructed fragment to frame
reassembly module 162, entropy decoding unit 150 may
decode another encoded set of quantized coefficients
and another encoded set of motion data (182) [00102]
FIG. 8B is a flowchart illustrating an exemplary
operation of frame reassembly module 162. Initially,
frame reassembly module 162 receives from fragment
reconstruction module 160 a fragment associated with a
current frame (200). For purposes of explanation, this
received fragment is referred to herein as the
"current fragment." After receiving the current
fragment, frame reassembly module 162 identifies a
tile associated with the current fragment (202). After
identifying the tile associated with the current
fragment, frame reassembly module 162 stores the
current fragment to a location in the current frame
associated with the identified tile (204). Storing the
current fragment to the location in the current frame
may effectively "plug" the current fragment into the
current frame. [00103] When frame reassembly module
162 has stored the current fragment to the location in
the current frame associated with the identified set
of tiles, frame reassembly module 162 may determine
whether all fragments associated with the 



current frame have been copied to the current frame
(206). If all fragments associated with the current
frame have been copied to the current frame ("YES" of
206), frame reassembly buffer 164 may output the
current frame (208). After outputting the current
frame, frame reassembly module 162 may then loop back
and again receive a fragment of the current frame
(200). Otherwise, if not every fragment associated
with the current frame has been copied to the current
frame ("NO" of 206), frame reassembly module 162 may
loop back and receive another fragment (200).[00104]
FIG. 9 is a block diagram illustrating exemplary
details of pre-processor 10 (FIG. 1). In the example
of FIG. 9, pre-processor 10 includes a frame input
buffer 220. Frame input buffer 220 may receive and
store one or more unencoded sequences of video frames.
Furthermore, pre-processor 10 may include a
de-interlacing motion estimation module ("DIMEM") 221.
DIMEM 221 may be used as part of a process to
de-interface interlaced video frames. For example,
even-numbered frames may include video data for
even-numbered rows and odd-numbered frames may include
video data for odd-numbered rows. In this example,
DIMEM 221 may perform a de-interlacing motion
estimation operation a de-interlaced for an
even-numbered frame by performing the following steps
for each block in an odd-numbered interlaced frame
that follows the current even-numbered frame: (1)
search for an area of the preceding odd-numbered
interlaced frame around a block in the preceding
odd-numbered interlaced frame that is with the current
block for a block that approximates the current block;
(2) if such a block is found, generate a motion vector
that indicates a displacement between the identified
block and the current block; Similarly, in this
example, DIMEM 221 may perform a de-interlacing motion
estimation operation for a de-interlaced odd-numbered
frame by performing the following steps for each block
in an even-numbered frame that follows the current
oddnumbered frame: (1) search for an area of the
preceding even-numbered frame around a block in the
preceding even-numbered frame that is with the current
block for a block that approximates the current block;
(2) if such a block is found, generate a motion vector
that indicates a displacement between the identified
block and the current block. [00105] A tile
identification module 222 in pre-processor 10 may use
the motion 



vectors generated by DIMEM 221 to identify sets of
tiles for video frames in the sequence of video frames
stored in frame input buffer 220. Like tile
identification module 190, tile identification module
222 may use a variety of techniques to identify sets
of tiles for video frames in a sequence of video
frames. For example, tile identification module 222
may generate a partition activity map for each video
frame in a sequence of video frames. In this example,
tile identification module 222 may then use the
partition activity maps to generate a composite
partition activity map. Tile identification module 222
may then use the composite partition activity map to
identifyone or more sets of tiles for each of the
video frames that is to be encoded as a p-frame or a
b-frame. Tile identification module 222 may use the
composite partition activity map to identify the one
or more sets of tiles in a manner that is similar to
that of tile identification module 190. When tile
identification module 222 identifies a set of tiles,
tile identification module 222 may generate tile
description information for the set of tiles. The tile
description information may indicate a tile set index
value, a location of the set of tiles within the
frames, and a shape of the tiles. [00106] After tile
identification module 222 identifies the sets of tiles
for frames and generates the associated tile
description information, a fragment extraction module
224 in pre-processor 10 may extract, from each frames,
fragments associated with the identified tiles. When
fragment extraction module 224 extracts a fragment
associated with a tile in one of the identified sets
of tiles, fragment extraction module 224 may generate
fragment identification information for the fragment.
The fragment identification information for the
fragment may specify a frame number from which the
fragment was extracted and a tile set index value
associated with the set of tiles of which the tile
associated with the fragment is a member. Fragment
extraction module 224 may then store the extracted
fragments and tile identification information into a
fragment buffer 226. [00107] After fragment extraction
module 224 stores the extracted fragments into
fragment buffer 226, a series of pre-processing
operation modules 228A through 228N (collectively,
"pre-processing operation modules 228") may perform
video pre processing operations on the extracted
fragments. For example, pre-processing operation
module 228A may perform a contrast adjustment
operation, pre-processing operation module 228B may
perform a noise reduction operation, and other ones of
pre processing operation modules 228 may perform other
video pre-processing operations. 



After a last one of pre-processing operation modules
228 performs a last video pre processing operation on
a fragment, this last one of pre-processing operation
modules 228 may store the resulting fragment into a
pre-processed fragment buffer 230 along with the
fragment identification information associated with
the resulting fragment. [00108] After the last one of
pre-processing operation modules 228 stores the
resulting fragment into pre-processed fragment buffer
230, a de-interlacing motion compensation module
(DIMCM) 229 may perform operations to de-interlace the
fragments. For instance, if the resulting fragment is
associated with an even-numberedframe, DIMCM 229 may
perform the following steps on each partition of the
fragment in order to generate a de-interlaced fragment
associated with an even-numbered frame: (1) use the
motion vector of the current partition to identify a
partition of a fragment stored in pre-processed
fragment buffer 230; (2) determine a half-way point
along the motion vector of the current partition; (3)
add the partition identified by the motion vector of
the current partition to the current even-numbered
fragment at a position on an odd-numbered line closest
to the identified half-way point; and (4) if the
current partition has no motion vector, copy the
current partition to an odd-numbered line of the
current even-numbered frame at the current partition's
current position. Similarly, if the resulting fragment
is associated with an odd-numbered frame, DIMCM 229
may perform the following steps on each partition of
the fragment in order to generate a de-interlaced
fragment associated with the odd-numbered frame: (1)
use the motion vector of the current partition to
identify a partition of a fragment stored in
pre-processed fragment buffer 230; (2) determine a
half-way point along the motion vector associated with
the current partition; (3) add the partition indicated
by the motion vector associated with the current
partition to the current odd-numbered frame at the
half-way point at a position on an even-numbered line
closest to the identified half-way point; and (4) if
the current partition has no motion vector, copy the
current partition to an even-numbered line of the
current fragment at the current fragment's current
position. It should be appreciated that many
variations on these steps are possible. At the end of 



this process, DIMCM 229 has generated a set of
de-interlaced fragments. [00109] As illustrated in the
example of FIG. 9, pre-processor 10 may also include a
frame reassembly module 232. Frame reassembly module
232 reassembles the de-interlaced fragments in
pre-processed picture buffer 230 into complete
deinterlaced video frames. Frame reassembly module 232
may reassemble fragments in pre-processed picture
buffer 230 using an operation that is identical or
similar to the exemplary operation of frame reassembly
module 162 illustrated in FIG. 8B. After frame
reassembly module 232 reassembles de-interlaced
fragments in pre-processedpicture buffer 230 into
complete de-interlaced video frames/slices, frame
reassembly module 232 may output the complete
de-interlaced video frames/slices to encoder 16.
[00110] In some implementations, pre-processor 10 does
not include frame reassembly module 232. Rather, when
DIMCM 229 generates a de-interlaced fragment, DIMCM
229 may output the resulting fragment and associated
fragment identification information and tile
identification information directly to encoder 16.
Furthermore, in these implementations, encoder 16
might not include partition map module 36, map buffer
38, tile identification module 40 or fragment
extraction module 42. In these implementations,
encoder 16 may operate as a conventional encoder,
encoding each fragment provided by pre-processor 10 as
a separate conventional video frame. However, in these
implementations, when output module 58 outputs encoded
data associated with one of the fragments, output
module 58 may output the fragment identification
information generated by pre-processor 10 for the one
of the fragments. Furthermore, output module 58 may
output the tile description information generated by
pre-processor 10. [00111] FIG. 10 is a flowchart
illustrating an exemplary operation of pre processor
10 (FIG. 9). Initially, pre-processor 10 receives a
sequence of video frames (250). When pre-processor 10
receives a sequence of interlaced video frames, pre
processor 10 may store the sequence of interlaced
video frames into frame input buffer 220 (252). Next,
DIMEM 221 may perform a de-interlacing motion
estimation operation (253). When DIMEM 221 performs
the de-interlacing motion estimation operation, DIMEM
221 may generate motion vectors. Tile identification
module 222 may use the motion vectors to identify sets
of tiles for video frames in the sequence of video
frames (254). After tile identification module 222
identifies sets of tiles for the sequence of video
frames, tile identification module 222 may generate
tile description 



information for each of the sets of tiles (255).
[00112] Next, fragment extraction module 224 may
extract, from each video frame in the sequence of
video frames, fragments associated with the identified
tiles (256). After extracting the fragments, fragment
extraction module 224 may generate fragment
identification information for each of the extracted
fragments (258). Fragment extraction module 224 may
then store the extracted fragments into fragment
buffer 226 (260). [00113] After fragment extraction
module 224 stores the extracted fragments into
fragment buffer 226, pre-processing operation modules
228 perform one or more preprocessing operations on
the fragments (262). A last one of pre-processing
operation module 228 may then store resulting
pre-processed fragments into pre-processed fragment
buffer 230 (263). Next, DIMCM 229 may perform a
de-interlacing motion compensation operation for tiles
of a current video frame based on reference fragments
stored in pre-processed fragment buffer 230 (264). As
a result of the de-interlacing motion compensation
operation, fragments produced by DIMCM 229 are
de-interlaced. Frame reassembly module 232 may then
reassemble the de-interlaced pre-processed fragments
in pre-processed picture buffer 230 into complete
video frames/slices (266). It should be understood
that in some implementations, step 266 may be omitted.
[00114] FIG. 11 is a block diagram illustrating an
alternate set of exemplary details of decoder 18 (FIG.
1). In the example of FIG. 11, decoder 18 receives a
media object that includes complete video frames. For
instance, decoder 18 may receive a media stream or a
media file that includes traditionally-encoded
H.264/AVC data, MPEG-4, or another media coding
standard. Because the exemplary details of encoder 16
illustrated in FIG. 2 outputs media objects that
include fragments of video frames, the exemplary
details of decoder 18 illustrated in FIG. 11 may not
be compatible with the exemplary details of encoder 16
illustrated in FIG. 2. [00115] In the example of FIG.
11, when decoder 18 receives the media object, entropy
decoding unit 150 may perform one or more operations
to identify portions of the media object that are
associated with one or more sets of tiles of video
frames encoded in the media object. After identifying
these portions of the media object, entropy decoding
unit 150 may decode the identified portions of the
media object. In this way, entropy decoding unit 150
may decode sets of fragments and motion data
associated with the fragments, while leaving the
remaining portions of the video frames 



and motion data encoded. [00116] Depending on the
encoding format of the received media object and
possibly other factors, entropy decoding unit 150 may
perform these operations in a variety of ways. For
example, a media object may include encoded sequence
headers that indicate general information about the
media object (e.g., frame rate, sizes of frames,
etc.). Furthermore, in this example, the media object
may include encoded slice headers that indicate
information about specific slices of video data (e.g.,
location of slices, number of partitions in the slice,
etc.). The media object may also include encoded
partition headers that indicate information about
specific partitions (e.g., motion data, number of bits
of data in encoded set of quantized coefficients
associatedwith the partition, etc.). As illustrated in
the example of FIG. 11, entropy decoding unit 150 may
include a sequence header decoding module 280.
Sequence header decoding module 280 performs an
entropy decoding operation on sequence headers in the
media object. Next, a slice header decoding module 284
uses one or more of the decoded sequence headers to
identify parts of the media object that represent
encoded slice headers. After identifying the parts of
the media object that represent encoded slice headers,
slice header decoding module 284 performs the entropy
decoding operation on the encoded slice headers of the
input media object. A partition header decoding module
286 uses the decoded slice headers to identify parts
of the media object that represent encoded partition
headers. After identifying the parts of the media
object that represent encoded partition headers,
partition header decoding module 286 performs the
entropy decoding operation on the encoded partition
headers of the input media stream. [00117] Continuing
the example of the previous paragraph, a tile
identification module 288 in entropy decoding unit 150
may then use the decoded partition headers to identify
encoded partitions of the encoded video frames that
are associated with tiles. For instance, tile
identification module 288 may use the motion data
indicated in the partition headers to generate a
partition activity maps for video frames in a sequence
of video frames in the media object. Tile
identification module 288 may then use the partition
activity maps to generate a composite partition
activity map. Tile identification module 288 may then,
in the manner described above with regard to tile
identification modules 90 and tile identification
module 222, use the composite partition activity map
to identify one or more sets of tiles of video frames
in the sequence of video frames that are to be decoded
as P-frames or B-frames. After tile identification 



module 288 identifies a set of tiles, tile
identification module 288 may generate tile
description information for the set of tiles. Like the
previously mentioned tile description information, the
tile description information generated by tile
identification module 288 may indicate a tile set
index value, locations of the tiles, and so on.
[00118] When tile identification module 288 has
identified the one or more sets of tiles, a partition
data decoding module 290 may, for each frame, apply
the entropy decoding operation to each encoded
partition that is within a tile of one of the
identified sets of tiles. In this example, partition
decoding module 290 does not apply the entropy
decoding operation to encoded partitions that are not
within tiles. In this way, partition data decoding
module 290 decodes a set of quantized coefficients for
each tile in each frame. Because a "fragment" is a
picture contained within a tile, partition data
decodingmodule 290, in effect, decodes sets of
quantized coefficients that are associated with
different fragments. After partition data decoding
module 290 decodes a set of quantized coefficients
associated with a fragment, partition decoding module
290 generates a set of fragment identification
information for the fragment. Like the previously
mentioned fragment identification information, the
fragment identification information generated by
partition data decoding module 290 may indicate a
frame index value that indicates that the fragment was
extracted from the indicated frame and a tile set
index value that indicates that the fragment is a
picture contained within a tile in a specific set of
tiles. [00119] In the example of FIG. 11, an inverse
quantization module 292 may generate a set of inverse
quantized coefficients by performing an inverse
quantization operation on a set of quantized
coefficients associated with a current fragment. Next,
an inverse transform module 294 may generate a decoded
residual picture associated with the current fragment
by performing an inverse transform operation on the
set of inverse quantized coefficients associated with
the current fragment. In addition, a motion
compensation unit 296 may generate a predictive
fragment associated with current fragment using a
reference fragment in a reference buffer 298 and
motion data associated with the current fragment.
After motion compensation unit 296 has generated the
predictive fragment associated with the current
fragment and inverse transform module 294 has
generated the decoded residual fragment associated
with the current fragment, a fragment reconstruction
module 300 may generate a reconstructed fragment
associated with the current fragment by adding the
predictive fragment and the 



decoded residual fragment. Fragment reconstruction
module 300 may then store the reconstructed fragment
into reference buffer 298. [00120] Although not
illustrated in the example of FIG. 11, decoder 18 may
include a frame reconstruction module that
reconstructs complete frames from fragments stored in
reference buffer 298. This frame reconstruction module
may use the exemplary operation illustrated in FIG. 8B
to reconstruct the complete frames from fragments
stored in reference buffer 298. [00121] FIG. 12 is a
flowchart illustrating an exemplary operation of the
alternate implementation of decoder 18 illustrated in
FIG. 11. Initially, entropy decoding unit 150 receives
a media object that includes that includes encoded
sequences of video frames (310). Next, sequence header
decoding module 280 in entropy decoding unit 150
performs an entropy decoding operation on the sequence
headers in the mediaobject (312). Next, slice header
decoding module 284 may use the decoded partition
headers to identify the locations of slice headers
within the media object (314). Slice header decoding
module 284 may then decode the identified slice
headers (316). Partition header decoding module 286
may then use the decoded slice headers to identify
locations of partition headers within the media object
(318). Partition header decoding module 286 may then
decode the identified partition headers (320). [00122]
After partition header decoding module 286 decodes the
identified partition headers, tile identification
module 288 uses the decoded partition headers to
identify sets of tiles for video frames in sequences
of video frames (322). As discussed above, tile
identification module 288 may use a variety of
different techniques to identify sets of tiles for
video frames of the sequence of video frames. In an
alternate implementation, tile identification module
288 may receive data that indicates the sets of tiles
separate from the media object. Tile identification
module 288 may use this data to identify sets of tiles
for video frames in sequences of video frames. After
tile identification module 288 identifies the sets of
tiles, tile identification module 288 may generate
tile description information for each of the
identified sets of tiles (324). [00123] Next,
partition data decoding module 290 decodes those
encoded versions of partitions that are within the
identified tiles (326). As a result of decoding the
encoded version of the partitions, partition data
decoding module 290 has generated sets of quantized
coefficients associated with different fragments. Once
partition data decoding module 290 decodes the encoded
versions of the partitions, partition data 



decoding module 290 may output the decoded partition
data, motion data, picture identification information
("PII"), and tile description information ("TDI")
(330). [00124] FIG. 13 is a flowchart illustrating an
exemplary operation of buffer fill module 22 (FIG. 1)
to store fragments into display buffers 24. When
performing this operation, buffer fill module 22
effectively acts as a frame reassembly module. [00125]
In accordance with the example operation of FIG. 13,
display buffers 24 include three buffers: B0, B\ , and
B2. The use of these three buffers may allow buffer
fill module 22 to reconstruct complete frames in
display buffers BQ, and B . Thus, when buffer fill
module 22 uses the exemplary operation of FIG. 13, it
may be unnecessary for decoding module 18 to include
or to use frame reconstruction module 162. [00126]
Initially, buffer fill module 22 retrieves from a
fragment buffer a set of fragments associated with a
frame Fx (350). After retrieving the set of
fragmentsassociated with frame Fx , buffer fill module
22 determines whether frame Fx is the first frame of a
sequence of video frames (352). [00127] If buffer fill
module 22 determines that frame Fx is the first frame
of a sequence of video frames ("YES" of 352), buffer
fill module 22 writes each of the fragments associated
with frame Fx to buffer B Xmo d3) (354). In order to
write each of the fragments associated with frame Fx
to appropriate locations within buffer B Xmo d3),
buffer fill module 22 may use the fragment
identification information associated with the
fragments to identify tile description information
associated with the fragments. Buffer fill module 22
may then use the locations indicated in the tile
description information to identify appropriate
locations within buffer B(Xmod3). [00128] Next, buffer
fill module 22 copies the content of buffer B(cmod3)
to buffer B{{x+i) mod 3) (356). After buffer fill
module 22 copies the content of buffer B c mod 3) to
buffer B((c+i) mod 3), display unit 26 may display the
content of buffer B c+2) mod 3) (358). Once display
unit 26 has displayed the content of buffer B c+2)
mod3), buffer fill module 22 may increment the value
of X (360). Buffer fill module 22 may then loop back
and retrieve fragments associated with frame Fx (350).
Because buffer fill module 22 has incremented X,
buffer fill module 22 retrieves fragments associated
with the frame that follows the frame that buffer fill
module 22 previously added to display buffers 24.
[00129] On the other hand, if buffer fill module 22
determines that frame Fx is not the first frame of a
sequence of video frames ("NO" of 352), buffer fill
module 22 



writes each of the fragments associated with the frame
Fx to appropriate locations in buffer B X mod 2)
(362). After buffer fill module 22 writes each of the
fragments associated with the frame Fx to the
appropriate locations in buffer B Xmo d2), display
unit 26 may display the content of buffer B x+I) mod
2) (364). Once display unit 26 has displayed the
content of buffer B x +\) mod 2), buffer fill module
22 may increment the value of X (360). Buffer fill
module 22 may then loop back and retrieve pictures
associated with frame Fx (350). [00130] Note that
while this disclosure explains FIG. 13 with reference
to three buffers, operations may exist with higher
numbers of buffers. [00131] The techniques described
herein may be implemented in hardware, software,
firmware, or any combination thereof. Any features
described as modules or components may be implemented
together in an integrated logic device or separately
as discrete but interoperable logic devices. If
implemented in software, the techniques may be
realized at least in part by a computer-readable
medium comprising instructionsthat, when executed,
performs one or more of the methods described above.
The computer-readable medium may form part of a
computer program product, which may include packaging
materials. The computer-readable medium may comprise
random access memory (RAM) such as synchronous dynamic
random access memory (SDRAM), read-only memory (ROM),
non-volatile random access memory (NVRAM),
electrically erasable programmable read-only memory
(EEPROM), FLASH memory, magnetic or optical data
storage media, and the like. The techniques
additionally, or alternatively, may be realized at
least in part by a computer-readable communication
medium that carries or communicates code in the form
of instructions or data structures and that can be
accessed, read, and/or executed by a computer. [00132]
The code may be executed by one or more processors,
such as one or more digital signal processors (DSPs),
general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable logic
arrays (FPGAs), or other equivalent integrated or
discrete logic circuitry. Accordingly, the term
"processor," as used herein may refer to any of the
foregoing structure or any other structure suitable
for implementation of the techniques described herein.
In addition, in some aspects, the functionality
described herein may be provided within dedicated
software modules or hardware modules configured for
encoding and decoding, or incorporated in a combined
video encoder-decoder (CODEC). 



[00133] Various example implementations have been
described. For example, implementations have been
described with regard to video frames. However, the
foregoing description and following claims may also be
applicable to video slices or a set of consecutive
images as from a still camera at an arbitrary capture
rate. Furthermore, techniques for encoding and
decoding sequences of video frames using fragmentary
reference pictures have been primarily described in
the context of motion compensation coding techniques.
However, the use of fragmentary reference pictures, as
described herein, may also be used in other processing
or coding contexts, such as for scaling, edge
enhancement, or the like. Accordingly, the units,
modules, or circuitry described herein as performing
motion compensation for a current tile of a current
video frame based on one or more of the reference
fragments, could alternatively be units, modules, or
circuitry that perform scaling or edge enhancement (or
possibly another video processing technique) for a
current tile of a current video frame based on one or
more of the reference fragments. These and other
implementations are within the scope of the following
claims.CLAIMS: 1. A method comprising: storing
reference fragments comprising video data associated
with a set of tiles of video frames in a sequence of
video frames, wherein each tile in the set of tiles
represents a subset of partitions for the respective
video frame; and performing motion compensation for a
current tile of a current video frame based on one or
more of the reference fragments. 2. The method of
claim 1, wherein the current tile is co-located with
the tiles in the set of tiles; wherein the method
further comprises automatically identifying the set of
tiles; and wherein automatically identifying the set
of tiles comprises: identifying a set of active
partitions in each of the video frames; and for each
given one of the video frames, identifying a tile of
the given one of the video frames such that the tile
includes the identified set of active partitions of
the given one of the video frames and partitions of
the given one of the video frames that are co-located
with active partitions in the identified sets of
active partitions of other ones of the video frames. 



3. The method of claim 1: wherein performing motion
compensation comprises generating a predictive
fragment associated with the current tile of the
current video frame; and wherein the method further
comprises: extracting a fragment associated with the
current tile from the current video frame; using the
extracted fragment and the predictive fragment to
generate a residual fragment associated with the
current tile of the current video frame; performing a
transform on the residual fragment in order to
generate a set of coefficients; quantizing the set of
coefficients, thereby generating a set of quantized
coefficients; entropy encoding the set of quantized
coefficients; andoutputting the entropy encoded set of
quantized coefficients as part of a media object;
inverse quantizing the set of quantized coefficients,
thereby generating an inverse quantized set of
coefficients; performing an inverse of the transform
on the inverse quantized set of coefficients in order
to generate a decoded residual fragment; generating a
reconstructed fragment using the predictive fragment
and the decoded residual fragment; and storing the
reconstructed fragment for use as a reference
fragment. 4. The method of claim 1, wherein performing
motion compensation comprises generating a predictive
fragment associated with the current tile of the
current video frame; and wherein the method further
comprises: receiving a media object that includes a
set of data associated with the current tile of the
current video frame; generating a residual fragment
based on the set of data; using the predictive
fragment and the residual fragment to generate a
reconstructed fragment associated with the current
tile of the current video frame; and using the
reconstructed fragment to reconstruct the current
video frame. 



5. The method of claim 4, wherein using the
reconstructed fragment to reconstruct the current
video frame comprises modifying a previously decoded
complete video frame such that the reconstructed
fragment is specified in a tile of the previously
decoded complete video frame that is co-located with
the current tile of the current video frame. 6. The
method of claim 1, wherein the reference fragments are
interlaced; and wherein performing motion compensation
for the current tile comprises performing
de-interlacing motion compensation for the current
tile based on one or more of the reference
fragments.7. The method of claim 1, wherein the method
further comprises adding the current video frame
between two video frames in the sequence of video
frames as part of an operation to increase the frame
rate of the sequence of video frames. 8. A device
comprising: a reference buffer that stores reference
fragments comprising video data associated with a set
of tiles of video frames in a sequence of video
frames, wherein each tile in the set of tiles
represents a subset of partitions for the respective
video frame; and a motion compensation unit that
performs motion compensation for a current tile of a
current video frame based on one or more of the
reference fragments. 9. The device of claim 8, wherein
the current tile is co-located with the tiles in the
set of tiles; wherein the device further comprises a
tile identification module that automatically
identifies the set of tiles; and wherein the tile
identification module comprises: a partition activity
module that identifies a set of active partitions in
each of the video frames; and a tile construction
module that, for each given one of the video frames,
identifies a tile of the given one of the video frames
such that the tile includes the identified set of
active partitions of the given one of the video frames
and partitions of the given one of the video frames
that are co-located with active partitions in the
identified sets of active partitions of other ones of
the video frames. 



10. The device of claim 8, wherein, when the motion
compensation unit performs motion compensation for the
current tile, the motion compensation unit generates a
predictive fragment associated with the current tile
of the current video frame; and wherein the device
further comprises: a fragment extraction module that
extracts a fragment associated with the current tile
from the current video frame,a module that uses the
extracted fragment and the predictive fragment to
generate a residual fragment associated with the
current tile of the current video frame; a block
transform unit that performs a transform on the
residual fragment in order to generate a set of
coefficients; a quantization module that quantizes the
set of coefficients, thereby generating a set of
quantized coefficients; an entropy encoding unit that
entropy encodes the set of quantized coefficients; an
output module that outputs the entropy encoded set of
quantized coefficients as part of a media object; an
inverse quantization module that inverse quantizes the
set of quantized coefficients, thereby generating an
inverse quantized set of coefficients; an inverse
transform unit that performs an inverse of the
transform on the inverse quantized set of coefficients
in order to generate a decoded residual fragment; and
a module that generates a reconstructed fragment using
the predictive fragment and the decoded residual
fragment, wherein the reference buffer stores the
reconstructed fragment for use as a reference
fragment. 11. The device of claim 8, wherein, when the
motion compensation unit performs motion compensation
for the current tile, the motion compensation unit
generates a predictive fragment associated with the
current tile of the current video frame; and wherein
the device receives a media object that includes a set
of data associated 



with the current tile of the current video frame; and
wherein the device further comprises: a decoder that
generates a residual fragment based on the set of
data; a module that uses the predictive fragment and
the residual fragment to generate a reconstructed
fragment associated with the current tile of the
current video frame; anda frame reassembly module that
uses the reconstructed fragment to reconstruct the
current video frame. 12. The device of claim 11,
wherein the frame reassembly module modifies a
previously decoded complete video frame such that the
reconstructed fragment is specified in a tile of the
previously decoded complete video frame that is
co-located with the current tile of the current video
frame. 13. The device of claim 8, wherein the
reference fragments are interlaced; and wherein the
motion compensation unit performs the motion
compensation for the current tile by performing
de-interlacing motion compensation for the current
tile based on one or more of the reference fragments.
14. The device of claim 8, wherein the device further
comprises a post-processor that adds the current video
frame between two video frames in the sequence of
video frames as part of an operation to increase the
frame rate of the sequence of video frames. 15. A
device comprising : means for storing reference
fragments comprising video data associated with a set
of tiles of video frames in a sequence of video
frames, wherein each tile in the set of tiles
represents a subset of partitions for the respective
video frame; and means for performing motion
compensation for a current tile of a current video
frame based on one or more of the reference fragments.
16. The device of claim 15, wherein the device further
comprises means for automatically identifying the set
of tiles; wherein the means for automatically
identifying the set of tiles comprises: means for
identifying a set of active partitions in each of the
video frames; and means for identifying, for each
given one of the video frames, a tile of the given 



one of the video frames such that the tile includes
the identified set of active partitions of the given
one of the video frames and partitions of the given
one of the video framesthat are co-located with active
partitions in the identified sets of active partitions
of other ones of the video frames; and wherein the
current tile is co-located with the tiles in the set
of tiles. 17. The device of claim 15, wherein, when
the means for performing motion compensation performs
motion compensation for the current tile, the means
for performing motion compensation generates a
predictive fragment associated with the current tile
of the current video frame; and wherein the device
further comprises: means for extracting a fragment
associated with the current tile from the current
video frame, means for using the extracted fragment
and the predictive fragment to generate a residual
fragment associated with the current tile of the
current video frame; means for performing a transform
on the residual fragment in order to generate a set of
coefficients; means for quantizing the set of
coefficients, thereby generating a set of quantized
coefficients; means for entropy encoding the set of
quantized coefficients; means for outputting the
entropy encoded set of quantized coefficients as part
of a media object; means for inverse quantizing the
set of quantized coefficients, thereby generating an
inverse quantized set of coefficients; means for
performing an inverse of the transform on the inverse
quantized set of coefficients in order to generate a
decoded residual fragment; and means for generating a
reconstructed fragment using the predictive fragment
and the decoded residual fragment, wherein the means
for storing the set of fragments stores the
reconstructed fragment for use as a reference
fragment. 18. The device of claim 15, wherein, when
the means for performing motion 



compensation performs motion compensation for the
current tile, the means forperforming motion
compensation generates a predictive fragment
associated with the current tile of the current video
frame; wherein the device receives a media object that
includes a set of data associated with the current
tile of the current video frame; and wherein the
device further comprises: means for generating a
residual fragment based on the set of data; means for
using the predictive fragment associated with the
current tile of the current video frame and the
residual fragment to generate a reconstructed fragment
associated with the current tile of the current video
frame; and means for using the reconstructed fragment
to reconstruct the current video frame. 19. The device
of claim 18, wherein the means for using the
reconstructed fragment to reconstruct the current
video frame modifies a previously decoded complete
video frame such that the reconstructed fragment is
specified in a tile of the previously decoded complete
video frame that is co-located with the current tile
of the current video frame. 20. The device of claim
15, wherein the reference fragments are interlaced;
and wherein the means for performing motion
compensation performs the motion compensation for the
current tile by performing de-interlacing motion
compensation for the current tile based on one or more
of the reference fragments. 2 1. The device of claim
15, wherein the device further comprises means for
adding the current video frame between two video
frames in the sequence of video frames as part of an
operation to increase the frame rate of the sequence
of video frames. 22. A computer-readable medium
comprising executable instructions that, when executed
by one or more processors , cause one or more
processors to: store reference fragments comprising
video data associated with a set of tiles of video
frames in a sequence of video frames, wherein each
tile in the set of tiles represents a subset of
partitions for the respective video frame; andperform
motion compensation for a current tile of a current
video frame based on one or more of the reference
fragments. 23. The computer-readable medium of claim
22, wherein the instructions further cause the one or
more processors to 



automatically identify the set of tiles; wherein the
instructions cause the one or more processors to
automatically identify the set of tiles at least in
part by causing the one or more processors to:
identify a set of active partitions in each of the
video frames; and for each given one of the video
frames, identify a tile of the given one of the video
frames such that the tile includes the identified set
of active partitions of the given one of the video
frames and partitions of the given one of the video
frames that are co-located with active partitions in
the identified sets of active partitions of other ones
of the video frames; and wherein the current tile is
co-located with the tiles in the set of tiles. 24. The
computer-readable medium of claim 22, wherein the
instructions cause the one or more processors to
perform motion compensation at least in part by
causing the one or more processors to generate a
predictive fragment associated with the current tile
of the current video frame; and wherein the
instructions further cause the one or more processors
to: extract a fragment associated with the current
tile from the current video frame; use the extracted
fragment and the predictive fragment to generate a
residual fragment; perform a transform on the residual
fragment in order to generate a set of coefficients;
quantize the set of coefficients, thereby generating a
set of quantized coefficients; entropy encode the set
of quantized coefficients; output the entropy encoded
set of quantized coefficients as part of a media
object; inverse quantize the set of quantized
coefficients, thereby generating an inverse quantized
set of coefficients;perform an inverse of the
transform on the inverse quantized set of coefficients
in order to generate a decoded residual fragment;
generate a reconstructed fragment using the predictive
fragment and the decoded residual fragment; and store
the reconstructed fragment for use as a reference
fragment. 25. The computer-readable medium of claim
22, 



wherein the instructions cause the one or more
processors to perform motion compensation at least in
part by causing the one or more processors to generate
a predictive fragment associated with the current tile
of the current video frame; and wherein the
instructions further cause the one or more processors
to: receive a media object that includes a set of data
associated with the current tile of the current video
frame; generate a residual fragment based on the set
of data; use the predictive fragment associated with
the tile of the current video frame and the residual
fragment to generate a reconstructed fragment
associated with the current frame; and use the
reconstructed fragment to reconstruct the current
video frame. 26. The computer-readable medium of claim
25, wherein the instructions cause the one or more
processors to use the reconstructed fragment to
reconstruct the current video frames at least in part
by causing the one or more processors to modify a
previously decoded complete video frame such that the
reconstructed fragment is specified in a tile of the
previously decoded complete video frame that is
co-located with the current tile of the current video
frame. 27. The computer-readable medium of claim 22,
wherein the reference fragments are interlaced; and
wherein performing motion compensation for the current
tile comprises performing de-interlacing motion
compensation for the current tile based on one or more
of the reference fragments. 28. The computer-readable
medium of claim 22, wherein the instructions further
cause the one or more processors to adding the current
video frame between two videoframes in the sequence of
video frames as part of an operation to increase the
frame rate of the sequence of video frames. 29. An
integrated circuit comprising: circuitry that stores
reference fragments comprising video data associated
with a set of tiles of video frames in a sequence of
video frames, wherein each tile in the set of tiles
represents a subset of partitions for the respective
video frame; and circuitry that performs motion
compensation for a current tile of a current video
frame based on one or more of the reference fragments.
30. The integrated circuit of claim 29, 



wherein the integrated circuit further comprises
circuitry that automatically identifies the set of
tiles; wherein the circuitry that automatically
identifies the set of tiles comprises: circuitry that
identifies a set of active partitions in each of the
video frames; and circuitry that identifies, for each
given one of the video frames, a tile of the given one
of the video frames such that the tile includes the
identified set of active partitions of the given one
of the video frames and partitions of the given one of
the video frames that are co-located with active
partitions in the identified sets of active partitions
of other ones of the video frames; and wherein the
current tile is co-located with the tiles in the set
of tiles. 31. The integrated circuit of claim 29,
wherein, when the circuitry that performs motion
compensation performs motion compensation for the
current tile, the circuitry that performs motion
compensation generates a predictive fragment
associated with the current tile of the current video
frame; and wherein the integrated circuit further
comprises: circuitry that extracts a fragment
associated with the current tile from the current
video frame, circuitry that uses the extracted
fragment and the predictive fragment to generate a
residual fragment associated with the current tile of
the current video frame;circuitry that performs a
transform on the residual fragment in order to
generate a set of coefficients; circuitry that
quantizes the set of coefficients, thereby generating
a set of quantized coefficients; circuitry that
entropy encodes the set of quantized coefficients; and
circuitry that outputs the entropy encoded set of
quantized coefficients as part of a media object;
circuitry that inverse quantizes the set of quantized
coefficients, thereby generating an inverse quantized
set of coefficients; circuitry that performs an
inverse of the transform on the inverse quantized set
of coefficients in order to generate a decoded
residual fragment; and 



circuitry that generates a reconstructed fragment
using the predictive fragment and the decoded residual
fragment, wherein the circuitry that stores the set of
fragments stores the reconstructed fragment for use as
a reference fragment. 32. The integrated circuit of
claim 29, wherein, when the circuitry that performs
motion compensation performs motion compensation for
the current tile, the circuitry that performs motion
compensation generates a predictive fragment
associated with the current tile of the current video
frame; wherein the integrated circuit receives a media
object that includes a set of data associated with the
current tile of the current video frame; and wherein
the integrated circuit further comprises: circuitry
that generates a residual fragment based on the set of
data; circuitry that uses the predictive fragment
associated with the current tile of the current video
frame and the residual fragment to generate a
reconstructed fragment associated with the current
tile of the current video frame; and circuitry that
uses the reconstructed fragment to reconstruct the
current video frame. 33. The integrated circuit of
claim 32, wherein the circuitry for using the
reconstructed fragment to reconstruct the current
video frame modifies a previouslydecoded complete
video frame such that the reconstructed fragment is
specified in a tile of the previously decoded complete
video frame that is co-located with the current tile
of the current video frame. 34. The integrated circuit
of claim 29, wherein the reference fragments are
interlaced; and wherein the circuitry that performs
motion compensation performs the motion compensation
for the current tile by performing de-interlacing
motion compensation for the current tile based on one
or more of the reference fragments. 35. The integrated
circuit of claim 29, wherein the integrated circuit
further comprises circuitry that adds the current
video frame between two video frames in the sequence
of video frames as part of an operation to increase
the frame rate of the sequence of video frames. 36. A
method comprising: 



storing reference fragments comprising video data
associated with a set of tiles of video frames in a
sequence of video frames, wherein each tile in the set
of tiles represents a subset of partitions for the
respective video frame; and performing a video
processing technique for a current tile of a current
video frame based on one or more of the reference
fragments. 37. The method of claim 36, wherein
performing the video processing technique comprises
one of: performing motion compensation for a current
tile of a current video frame based on one or more of
the reference fragments; performing scaling for a
current tile of a current video frame based on one or
more of the reference fragments; and performing edge
enhancement for a current tile of a current video
frame based on one or more of the reference fragments.
38. A device comprising: a reference buffer that
stores reference fragments comprising video data
associated with a set of tiles of video frames in a
sequence of video frames, whereineach tile in the set
of tiles represents a subset of partitions for the
respective video frame; and a unit that performs a
video processing technique for a current tile of a
current video frame based on one or more of the
reference fragments. 39. The device of claim 38,
wherein the unit that performs the video processing
technique comprises one of: a motion compensation unit
that perform motion compensation for a current tile of
a current video frame based on one or more of the
reference fragments; a scaling unit that performs
scaling for a current tile of a current video frame
based on one or more of the reference fragments; and
an edge enhancement unit that performs edge
enhancement for a current tile of a current video
frame based on one or more of the reference fragments.
40. A device comprising: means for storing reference
fragments comprising video data associated with a set
of tiles of video frames in a sequence of video
frames, wherein each tile in the set of tiles
represents a subset of partitions for the respective
video frame; and means for performing a video
processing technique for a current tile of a current 



video frame based on one or more of the reference
fragments. 41. The device of claim 40, wherein means
for performing the video processing technique
comprises one of: means for performing motion
compensation for a current tile of a current video
frame based on one or more of the reference fragments;
means for performing scaling for a current tile of a
current video frame based on one or more of the
reference fragments; and means for performing edge
enhancement for a current tile of a current video
frame based on one or more of the reference fragments.
42. A computer-readable medium comprising executable
instructions that, when executed by one or more
processors , cause one or more processors to:store
reference fragments comprising video data associated
with a set of tiles of video frames in a sequence of
video frames, wherein each tile in the set of tiles
represents a subset of partitions for the respective
video frame; and perform a video processing technique
for a current tile of a current video frame based on
one or more of the reference fragments. 43. The
computer readable medium of claim 42, wherein the
instructions cause the one or more processors to
perform the video processing technique by performing
one of: motion compensation for a current tile of a
current video frame based on one or more of the
reference fragments; scaling for a current tile of a
current video frame based on one or more of the
reference fragments; and edge enhancement for a
current tile of a current video frame based on one or
more of the reference fragments. 44. An integrated
circuit comprising: circuitry that stores reference
fragments comprising video data associated with a set
of tiles of video frames in a sequence of video
frames, wherein each tile in the set of tiles
represents a subset of partitions for the respective
video frame; and circuitry that performs a video
processing technique for a current tile of a current
video frame based on one or more of the reference
fragments. 45. The integrated circuit of claim 44,
wherein the circuitry that performs a video processing
technique comprises one of: circuitry that performs
motion compensation for a current tile of a current
video 



frame based on one or more of the reference fragments;
circuitry that performs scaling for a current tile of
a current video frame based on one or more of the
reference fragments; and circuitry that performs edge
enhancement for a current tile of a current video
frame based on one or more of the reference fragments.


