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TECHNIQUES FOR CONTENT ADAPTIVE
VIDEO FRAME SLICING AND
NON-UNIFORM ACCESS UNIT CODING

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/876,920, filed on Dec. 22, 2006,
the entire content of which is incorporated herein by refer-
ence.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure relates generally to video
encoding and, more specifically, to techniques for content
adaptive video frame slicing and non-uniform access unit
coding for improved coding efficiency.

[0004] 2. Background

[0005] In all of the current video compression standards,
coded representations of video frames or the so called video
access units, VAUs, comprise slices as the next lower layer in
coding hierarchy. Slice layer allows a functional grouping of
(the data of) an integer number of macroblocks in the video
frame, fundamentally serving as a resynchronization unit
within the coded representation of the frame. In orderto serve
as proper resynchronization points, all predictive coding
schemes/dependencies such as intra-prediction (based on
neighboring pixels) and motion vector prediction, are dis-
abled across all slice boundaries.

[0006] Until H.264 (and excluding the optional ‘Annex K:
Slice Structured Mode’ Rectangular Slices Submode of
H.263+), prior video compression standards such as H.261,
MPEG-1, MPEG-2/H.262, H.263, and MPEG-4, supported a
slice structure essentially consisting of an integer number of
consecutive (in raster scan order) macroblocks, with minor
differences in how slice sizes were constrained.

[0007] The H.264 standard introduced the concept of “slice
groups’ which enables the partitioning of the macroblocks of
aframe into slice groups and into slices within slice groups, in
a totally arbitrary manner and, therefore not constrained by
having to be consecutive in raster scan order. This arbitrary
decomposition is described through the so called ‘slice group
maps’ which get transmitted to the decoder in addition to the
compressed data of the frame. This provision is known as
Flexible Macroblock Ordering (FMO).

[0008] There is therefore a need for techniques for content
adaptive video frame slicing and non-uniform access unit
coding for improved coding efficiency.

SUMMARY

[0009] Techniques for content adaptive video frame slicing
and non-uniform access unit coding for improved coding
efficiency are provided. A device comprising a processor
operative to perform content adaptive frame partitioning into
slice groups and slices and perform non-uniform video access
unit (VAU) coding in a single VAU using one or more slice
coding types is provided. In embodiments, a memory is
coupled to the processor.

[0010] Inone aspect, an encoding apparatus comprising an
encoding engine operable to employ flexible macroblock
ordering (FMO) in conjunction with different slice coding
types within a single video access unit (VAU), in response to
global motion detection of a camera pan or a scroll is pro-
vided.
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[0011] In another aspect, an encoding apparatus compris-
ing an encoding engine operable to employ flexible macrob-
lock ordering (FMO) in conjunction with different slice cod-
ing types within a single video access unit (VAU), in response
to one or more changes in a composite scene where the one or
more changes affect one or more portions of the video frame
rather than the entire video frame. The one or more changes
may include cut scene changes, cross-fades, fade-in or fade-
outs, zoom-in or zoom-outs, and global motion varieties such
as pan or scroll.

[0012] Inanother aspect, a decoding apparatus comprising
a decoding engine is provided. The decoding engine is oper-
able to decode a single non-uniformly coded video access
unit (VAU) employing flexible macroblock ordering (FMO)
in conjunction with different slice coding types within the
single VAU.

[0013] Inanother configuration, a computer program prod-
uct that includes a computer readable medium comprising
instructions for processing multimedia data is provided. The
instructions, cause a computer to perform content adaptive
frame partitioning of a frame into slice groups and slices
using flexible macroblock ordering (FMO). The instructions
also cause the computer to perform non-uniform VAU coding
on the partitioned frame using one or more slice coding types.
[0014] In a still further configuration, a computer program
product that includes a computer readable medium compris-
ing instructions for processing multimedia data is provided.
The instructions, cause a computer to decode a single non-
uniformly coded video access unit (VAU) employing flexible
macroblock ordering (FMO) in conjunction with different
slice coding types within the single VAU.

[0015] The techniques described herein provide a way to
video access unit coding using multiple slice types for
enhanced coding efficiency.

[0016] Additional aspects will become more readily appar-
ent from the detailed description, particularly when taken
together with the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Aspects and configurations of the disclosure will
become more apparent from the detailed description set forth
below when taken in conjunction with the drawings in which
like reference characters identify corresponding elements
throughout.

[0018] FIG. 1 illustrates a block diagram of an exemplary
multimedia communications system according to certain
configurations.

[0019] FIG. 2A illustrates a block diagram of an exemplary
encoder device that may be used in the system of FIG. 1.
[0020] FIG. 2B illustrates a block diagram of an exemplary
decoder device that may be used in the system of FIG. 1.
[0021] FIG. 3A illustrates a first exemplary frame having a
sample slice partitioning according to certain configurations
using a slice structure in accordance with the MPEG-1 stan-
dard.

[0022] FIG. 3B illustrates a second exemplary frame hav-
ing a sample slice partitioning according to certain configu-
rations using a slice structure in accordance with the MPEG-2
standard.

[0023] FIG. 4A illustrates a sample frame with Type 2
Flexible Macroblock Ordering (FMO) based partitioning
according to the H.264/AVC standard.

[0024] FIG. 4B illustrates a sample frame with Type 1 FMO
based partitioning according to the H.264/AVC standard.

Ex.1008
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[0025] FIG.5A illustrates an I type coded VAU (Frame #0).
[0026] FIG. 5B illustrates a P type coded VAU (Frame #3)
with B type VAUs in between Frame #0 and Frame #3 while
camera is panning to the left.

[0027] FIG. 6A illustrates a single frame having a vertical
strip structured group of intra-coded macroblocks and a plu-
rality of parallel horizontally extending inter-coded slices,
where the vertical strip of intra-coded macroblocks begins on
the left boundary of the frame.

[0028] FIG. 6B illustrates a single frame having a vertical
strip structured group of intra-coded macroblocks and a plu-
rality of parallel horizontally extending inter-coded slices,
where the vertical strip of intra-coded macroblocks begins on
the right boundary of the frame.

[0029] FIG. 6C illustrates a single frame having a single
horizontal strip structured group of intra-coded macroblocks
and a plurality of parallel horizontally extending inter-coded
slices, where the horizontal strip structured group of intra-
coded macroblocks begins on the bottom boundary of the
frame.

[0030] FIG. 6D illustrates a single frame having a single
horizontal strip structured group of intra-coded macroblocks
and a plurality of parallel horizontally extending inter-coded
slices, where the horizontal strip structured group of intra-
coded macroblocks begins on the top boundary of the frame.
[0031] FIG. 7 illustrates an encoding engine for performing
content adaptive frame partitioning (into slice groups and
slices) and non-uniform VAU coding.

[0032] FIG. 8 illustrates a flowchart of the process for per-
forming content dependent frame partitioning and non-uni-
form video access unit coding according to certain configu-
rations.

[0033] FIGS. 9A-9D illustrate exemplary cases of non-
uniform VAUs (with respective to both slice geometry and
coding type) derived from content adaptive video frame slic-
ing according to certain configurations.

[0034] FIG. 10 illustrates a multi-region composite scene
VAU with semantically different segments.

[0035] FIG. 11 illustrates a flowchart of a process for non-
uniform VAU decoding.

[0036] The images in the drawings are simplified for illus-
trative purposes and are not depicted to scale. To facilitate
understanding, identical reference numerals have been used,
where possible, to designate identical elements that are com-
mon to the figures, except that suffixes may be added, when
appropriate, to differentiate such elements.

[0037] The appended drawings illustrate exemplary con-
figurations of the invention and, as such, should not be con-
sidered as limiting the scope of the invention that may admit
to other equally effective configurations. It is contemplated
that features or steps of one configuration may be beneficially
incorporated in other configurations without further recita-
tion.

DETAILED DESCRIPTION

[0038] Theword “exemplary” is used herein to mean “serv-
ing as an example, instance, or illustration.” Any configura-
tion or design described herein as “exemplary” is not neces-
sarily to be construed as preferred or advantageous over other

(LY

configurations or designs, and the terms “core”, “engine”,
“machine”, “processor” and “processing unit” are used inter-
changeably.

[0039] The following detailed description is directed to

certain sample configurations. However, the disclosure can be
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embodied in a multitude of different ways as defined and
covered by the claims. In this description, reference is made
to the drawings wherein like parts are designated with like
numerals throughout.

[0040] Video signals may be characterized in terms of a
series of pictures, frames, and/or fields, any of which may
further include one or more slices. As used herein, the term
“frame” is a broad term that may encompass one or more of
frames, fields, pictures and/or slices.

[0041] Configurations include systems and methods that
facilitate channel switching in a multimedia transmission
system. Multimedia data may include one or more of motion
video, audio, still images, text or any other suitable type of
audio-visual data.

[0042] Multimedia processing systems, such as video
encoders, may encode multimedia data using encoding meth-
ods based on international standards such as Moving Picture
Experts Group (MPEG)-1, -2 and -4 standards, the Interna-
tional Telecommunication Union (ITU)-T H.263 standard,
and the ITU-T H.264 standard and its counterpart, [SO/IEC
MPEG-4, Part 10, i.e., Advanced Video Coding (AVC), each
of which is fully incorporated herein by reference for all
purposes. Such encoding, and by extension, decoding, meth-
ods generally are directed to compressing the multimedia
data for transmission and/or storage. Compression can be
broadly thought of as the process of removing redundancy
from the multimedia data.

[0043] A video signal may be described in terms of a
sequence of pictures, which include frames (an entire pic-
ture), or fields (e.g., an interlaced video stream comprises
fields of alternating odd or even lines of a picture). Further,
each frame or field may further include one or more slices, or
sub-portions of the frame or field. As used herein, either alone
or in combination with other words, the term “frame” may
refer to a picture, a frame, a field or a slice thereof. Video
encoding methods compress video signals by using lossless
or lossy compression algorithms to compress each frame.
Intra-frame coding (also referred to herein as intra-coding)
refers to encoding a frame using only that frame. Inter-frame
coding (also referred to herein as inter-coding) refers to
encoding a frame based on other, “reference,” frames. For
example, video signals often exhibit temporal redundancy in
which frames near each other in the temporal sequence of
frames have at least portions that exactly match or at least
partially match each other.

[0044] Multimedia processors, such as video encoders,
may encode a frame by partitioning it into subsets of pixels.
These subsets of pixels may be referred to as blocks or mac-
roblocks (MB) and may include, for example, 16x16 pixels.
The encoder may further partition each 16x16 macroblock
into subblocks. Each subblock may further comprise addi-
tional subblocks. For example, subblocks of a 16x16 mac-
roblock may include 16x8 and 8x16 subblocks. Each of the
16x8 and 8x16 subblocks may include, for example, 8x8
subblocks, which themselves may include, for example, 4x4,
4x8 and 8x4 subblocks, and so forth. As used herein, the term
“block™ may refer to either a macroblock or any size of
subblock.

[0045] Encoders take advantage of temporal redundancy
between sequential frames using inter-coding motion com-
pensation based algorithms. Motion compensation algo-
rithms identify portions of one or more reference frames that
at least partially match a block. The block may be shifted in
the frame relative to the matching portion of the reference

Ex.1008
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frame(s). This shift is characterized by one or more motion
vector(s). Any differences between the block and partially
matching portion of the reference frame(s) may be character-
ized in terms of one or more residual(s). The encoder may
encode a frame as data that comprises one or more of the
motion vectors and residuals for a particular partitioning of
the frame. A particular partition of blocks for encoding a
frame may be selected by approximately minimizing a cost
function that, for example, balances encoding size with dis-
tortion, or perceived distortion, to the content of the frame
resulting from an encoding.

[0046] Inter-coding enables more compression efficiency
than intra-coding. However, inter-coding can create problems
when reference data (e.g., reference frames or reference
fields) are lost due to channel errors, and the like. In addition
to loss of reference data due to errors, reference data may also
be unavailable due to initial acquisition or reacquisition of the
video signal at an inter-coded frame. In these cases, decoding
of inter-coded data may not be possible or may result in
undesired artifacts and errors which may propagate. These
scenarios can result in unpleasant user experience for an
extended period of time.

[0047] An independently decodable intra-coded frame is
the most common form of frame that enables re/synchroni-
zation of the video signal. The MPEG-x and H.26x standards
use what is known as a group of pictures (GOP) which com-
prises an intra-coded frame (also called an I-frame) and tem-
porally predicted P-frames or bi-directionally predicted B
frames that reference the I-frame and/or other P and/or B
frames within the GOP. Longer GOPs are desirable for the
increased compression rates, but shorter GOPs allow for
quicker acquisition and re/synchronization. Increasing the
number of I-frames will permit quicker acquisition and
re/synchronization, but at the expense of lower compression.
[0048] FIG. 1 illustrates a block diagram of an exemplary
multimedia communications system 100 according to certain
configurations. The system 100 includes an encoder device
110 in communication with a decoder device 150 via a net-
work 140. In one example, the encoder device 110 receives a
multimedia signal from an external source 102 and encodes
that signal for transmission on the network 140.

[0049] Inthis example, the encoder device 110 comprises a
processor 112 coupled to a memory 114 and a transceiver
116. The processor 112 encodes data from the multimedia
data source and provides it to the transceiver 116 for commu-
nication over the network 140. In this example, the decoder
device 150 comprises a processor 152 coupled to a memory
154 and atransceiver 156. The processor 152 may include one
or more of a general purpose processor and/or a digital signal
processor. The memory 154 may include one or more of solid
state or disk based storage. The transceiver 156 is configured
to receive multimedia data over the network 140 and provide
it to the processor 152 for decoding. In one example, the
transceiver 156 includes a wireless transceiver. The network
140 may comprise one or more of a wired or wireless com-
munication system, including one or more of a Ethernet,
telephone (e.g., POTS), cable, power-line, and fiber optic
systems, and/or a wireless system comprising one or more of
a code division multiple access (CDMA or CDMA2000)
communication system, a frequency division multiple access
(FDMA) system, an orthogonal frequency division multiple
(OFDM) access system, a time division multiple access
(TDMA) system such as GSM/GPRS (General packet Radio
Service)/EDGE (enhanced data GSM environment), a
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TETRA (Terrestrial Trunked Radio) mobile telephone sys-
tem, a wideband code division multiple access (WCDMA)
system, a high data rate (1xEV-DO or 1xEV-DO Gold Mul-
ticast) system, an IEEE 802.11 system, a MediaFL.O system,
a DMB system, a DVB-H system, and the like.

[0050] FIG. 2A illustrates a block diagram of an exemplary
encoder device 110 that may be used in system 100 of FIG. 1
according to certain configurations. In this configuration, the
encoder 110 comprises an inter-coding encoder element 118,
an intra-coding encoder element 120, a reference data gen-
erator element 122 and a transmitter element 124. The inter-
coding encoder 118 encodes inter-coded portions of video
that are predicted temporally (e.g., using motion compen-
sated prediction) in reference to other portions of video data
located in other temporal frames. The intra-coding encoder
120 encodes intra-coded portions of video that can be
decoded independently without reference to other temporally
located video data. In some configurations, the intra-coding
encoder 120 may use spatial prediction to take advantage of
redundancy in the other video data located in the same tem-
poral frame.

[0051] The reference data generator 122, in one aspect,
generates data that indicates where the intra-coded and inter-
coded video data generated by the encoders 120 and 118
respectively are located. For example, the reference data may
include identifiers of subblocks and/or macroblocks that are
used by a decoder to locate a position within a frame. The
reference data may also include a frame sequence number
used to locate a frame within a video frame sequence.
[0052] The transmitter 124 transmits the inter-coded data,
the intra-coded data, and, in some configurations, the refer-
ence data, over a network such as the network 140 of FIG. 1.
The data may be transmitted over one or more communica-
tion links. The terms communication links are used in a gen-
eral sense and can include any channels of communication
including, but not limited to, wired or wireless networks,
virtual channels, optical links, and the like. In some configu-
rations the intra-coded data is transmitted on a base layer
communication link and the inter-coded data is transmitted
over an enhancement layer communication link. In some
configurations, the intra-coded data and the inter-coded data
are transmitted over the same communication link. In some
configurations, one or more of the inter-coded data, the intra-
coded data and the reference data may be transmitted over a
sideband communication link. For example, a sideband com-
munication link such as the Supplemental Enhancement
Information (SEI) messages of H.264 or user_data messages
of MPEG-2 may be used. In some configurations, one or more
of'the intra-coded data, the inter-coded data and the reference
data are transmitted over a virtual channel. A virtual channel
may comprise data packets containing an identifiable packet
header that identifies the data packet as belonging to the
virtual channel. Other forms of identifying a virtual channel
are known in the art such as frequency division, time division,
code spreading, etc.

[0053] FIG. 2B illustrates a block diagram of an exemplary
decoder device 150 that may be used in system 100 of FIG. 1
according to certain configurations. In this configuration, the
decoder 150 comprises a receiver element 158, a selective
decoder element 160, a reference data determiner element
162, and one or more reference data availability detectors
such as a channel switch detector element 164 and an error
detector element 166.
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[0054] The receiver 158 receives encoded video data (e.g.,
data encoded by the encoder 110 of FIGS. 1 and 2A). The
receiver 158 may receive the encoded data over a wired or
wireless network such as the network 140 of FIG. 1. The data
may be received over one or more communication links. In
some configurations, the intra-coded data is received on a
base layer communication link and the inter-coded data is
received over an enhancement layer communication link. In
some configurations, the intra-coded data and the inter-coded
data are received over the same communication link. In some
configurations, one or more of the inter-coded data, the intra-
coded data and the reference data may be received over a
sideband communication link. For example, a sideband com-
munication link such as the Supplemental Enhancement
Information (SEI) messages of H.264 or user_data messages
of MPEG-2 may be used. In some configurations, one or more
of'the intra-coded data, the inter-coded data and the reference
data are received over a virtual channel. A virtual channel may
comprise data packets containing an identifiable packet
header that identifies the data packet as belonging to the
virtual channel. Other forms of identifying a virtual channel
are known in the art.

[0055] The selective decoder 160 decodes the received
inter-coded and intra-coded video data. In some configura-
tions, the received data comprises an inter-coded version of a
portion of video data and an intra-coded version of the portion
of video data. Inter-coded data can be decoded after the ref-
erence data upon which it was predicted is decoded. For
example, data encoded using motion compensated prediction
comprises a motion vector and a frame identifier identifying
the location of the reference data. If the portion of the frame
identified by the motion vector and the frame identifier of the
inter-coded version is available (e.g., already decoded), then
the selective decoder 160 can decode the inter-coded version.
Ifhowever, the reference data is not available, then the selec-
tive decoder 160 can decode the intra-coded version.

[0056] The reference data determiner 162, in one aspect,
identifies received reference data that indicates where the
intra-coded and inter-coded video data in the received
encoded video data are located. For example, the reference
data may include identifiers of subblocks and/or macroblocks
that are used by the selective decoder 160 to locate a position
within a frame. The reference data may also include a frame
sequence number used to locate a frame within a video frame
sequence. Using this received reference data enables a
decoder to determine if the reference data upon which inter-
coded data depends is available.

[0057] Reference data availability can be affected by a user
switching a channel of a multi-channel communication sys-
tem. For example, multiple video broadcasts may be available
to the receiver 158, using one or more communication links.
If a user commands the receiver 158 to change to a different
broadcast channel, then reference data for the inter-coded
data on the new channel may not be immediately available.
The channel switch detector 164 detects that a channel switch
command has been issued and signals the selective decoder
160. Selective decoder 160 can then use information obtained
from the reference data determiner to identify if reference
data of the inter-coded version is unavailable, and then iden-
tify the location of the nearest intra-coded version and selec-
tively decode the identified intra-coded version.

[0058] Reference data availability can also be affected by
errors in the received video data. The error detector 166 can
utilize error detection techniques (e.g., forward error correc-
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tion) to identify uncorrectable errors in the bitstream. If there
are uncorrectable errors in the reference data upon which the
inter-coded version depends, then the error detector 166 can
signal the selective decoder 160 identifying which video data
are affected by the errors. The selective decoder 160 can then
determine whether to decode the inter-coded version (e.g., if
the reference data is available) or to decode the intra-coded
version (e.g., if the reference data is not available).

[0059] In certain configurations, one or more of the ele-
ments of the encoder 110 of FIG. 2A may be rearranged
and/or combined. The elements of the encoder 110 may be
implemented by hardware, software, firmware, middleware,
microcode or any combination thereof. In certain configura-
tions, one or more of the elements of the decoder 150 of FIG.
2B may be rearranged and/or combined. The elements of the
decoder 150 may be implemented by hardware, software,
firmware, middleware, microcode or any combination
thereof.

[0060] Certain configurations of this disclosure can be
implemented, for example, using MediaFLLO™ video coding
for delivering realtime video services in TM3 systems using
the FLO Air Interface Specification, “Forward Link Only
[FLO] Air Interface Specification for Terrestrial Mobile Mul-
timedia Multicast”, published as Technical Standard TIA-
1099, August 2006, which is fully incorporated herein by
reference for all purposes.

[0061] Raster scan ordering inevitably imposes a horizon-
tal nature to the slice partitions. Two slice partitioning
samples, respectively for MPEG-1 and MPEG-2, are illus-
trated in FIGS. 3A and 3B.

[0062] FIG. 3A illustrates a first exemplary sample slice
partitioning of a frame 200 according to certain configura-
tions using a slice structure in accordance with the MPEG-1
standard. The different slice partitions are denoted by differ-
ent cross hatching. In this example, some of the macroblocks
of'the slices occupy two horizontal rows that are adjacent. In
this frame 200, a slice structure includes macroblocks 202 on
a first horizontal row and macroblocks 204 on a second hori-
zontal row. In these structures not all of the macroblocks in a
slice group needs to be immediately adjacent.

[0063] FIG. 3B illustrates a second exemplary sample slice
partitioning of a frame 210 according to certain configura-
tions using a slice structure in accordance with the MPEG-2
standard. In FIG. 3B, the slice structures are individually
denoted by A-Q. These slice structures are horizontally
arranged from row to row without order. For example, the
slice structure A extends the entire first horizontal row R1.
Likewise, the slice structure B extends the entire second
horizontal row R2. However, in this example, in the third
horizontal row R3, the row R3 is shared by the slice structures
C and D. The arrangement of slice structure on the horizontal
rows R1,R2,R3,R4,R5,R6,R7, R8,R9,R10,R11, and R12
are intended to be exemplary. Nonetheless, each slice can
occupy at most one horizontal row only and the right bound-
ary of the frame always marks the end of a slice.

[0064] FIG. 4A illustrates a sample frame 250 with Type 2
Flexible Macroblock Ordering (FMO) based partitioning
according to the H.264/AVC standard. In FIG. 4A, the frame
250 includes one background 254 denoted by slice group #2
and two (2) foreground partitions 256 and 258 for region of
interest (ROI) coding denoted by slice groups #0 and #1,
respectively. As can be seen, the foreground partition 256 has
a region of interest in the frame as a box shaped structure
including macroblocks that are neighboring for a subset of
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rows and a subset of the columns. However, the macroblocks
in the partition 256 are neighboring. Thus, the foreground
partition 258 also includes macroblocks which are arranged
to include a subset of vertically and horizontally neighboring
macroblocks. The partition 256 and partition 258 are marked
as rectangular areas to denote the ROI for that specific parti-
tion. Hence, the top left and bottom right coordinates of these
rectangles are necessary and are communicated from the
encoder device 110 to the decoder device 150.

[0065] FIG. 4B illustrates a sample frame 300 with Type 1
FMO based on partitioning according to the H.264/AVC stan-
dard. In FIG. 4B, the frame 300 includes a checker-board
pattern for improved error resilience and concealment. For
illustrative purposes, those macroblocks that are depicted as
white are associated with slice group #0. Those macroblocks
that are depicted as black are for slice group #1. Thus, there is
an alternating pattern which can be affected through the use of
FMO. This is permitted because the FMO no longer requires
the slices to consist of neighboring macroblocks. Thus, the
checker-board pattern essentially provides scattered slices.
[0066] The FMO of the H.264/AVC standard comprises
seven different types, labeled Type 0-Type 6. However, for
illustrative purposes only Types 1 and 2 are described here to
provide examples of the slice structure. The FMO for the
purposes of error resiliency allows macroblocks to be ordered
in a manner that no macroblock is surrounded by any other
macroblock from the same slice group. Hence, in the event an
error occurs (e.g. a slice gets lost during transmission), recon-
struction of the missing blocks can rely on the information of
the available surrounding macroblocks. Type 6 FMO is the
most random type. Type 6 FMO allows full flexibility to the
user. The other FMO types such as Type 0-Type 5 are restrict-
ing in that a certain pattern must be followed.

[0067] Although the FMO assignment supports different
uses, so far it has been primarily considered and promoted as
an error resilience tool.

[0068] In pre-H.264 video compression standards, each
VAU’s coding type had to be uniform across the entire extent
of the video frame. This necessitated that slices composing
the frame had to be coded using the same coding type, I
(intra), P (predicted), or B (bi-predicted or bi-directionally
predicted). This constraint was removed with the introduction
of the H.264 standard. H.264 standard allows the use of
different coding types within a VAU. Hence the slices of a
VAU may in general have different (coding) types, leading to
non-uniformly coded VAUs. Furthermore, H.264 also
enables a VAU to be generated by using a uniform coding type
for an entire video frame, such as an [ type VAU, a P type VAU
or a B type VAU.

[0069] The current configuration provides an encoding
engine 500 (FIG. 7) to utilize the FMO provision of H.264 in
conjunction with the possibility of using different slice (cod-
ing) types within a VAU, to achieve improved coding effi-
ciency in the (common and therefore important) global
motion cases of camera pan or scroll as well as instances
where the scene is composed of semantically different seg-
ments.

FIG. 10 illustrates a composite i.e. multi-region, scene VAU
900 with semantically different segments 902, 904, 906, 908
and 910 such as business news. In the upper left of the scene
denoted by segment numeral 902 there is live video (news or
advertisement clips). In the upper right there are financial
indices denoted by the segment numerals 904 and 906 ren-
dered as large font size text and graphics. At the bottom of the
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multi-region scene VAU 900 there are ticker symbols &
quotes denoted by segment numeral 908 rendered with small
font size text and graphics flowing from right to left as well as
news flashes rendered as text denoted by segment numeral
910. Within such multi-region scene compositions, different
segments of the scene due to their semantic and content
differences, will experience asynchronous changes such as
‘cut’ scene changes, cross-fades, fade-in and fade-outs,
zoom-in and zoom-outs. For example if the contents of seg-
ment 902 suddenly changes due to a ‘cut’ scene change, then
it is most efficient to encode the macroblocks only within the
segment 902 as intra-coded macroblocks, but encode the
remaining macroblocks as inter-coded macroblocks to utilize
the continuing temporal correlation in segments 904, 906,
908 and 910, the contents of which did not change in this
instant. Thus, the content adaptive frame partitioning unit 510
is operative to detect one or more of cut scene changes,
cross-fades, fade-in or fade-outs, zoom-in or zoom-outs, and
global motion varieties.

[0070] FIG. 5A illustrates an I type coded VAU (Frame #0)
350. FIG. 5B illustrates a P type coded VAU (Frame #3) 370
with two B type VAUs (Frames #1 and #2, not illustrated) in
between the [ and P type VAUS, and with camera panning to
the left as it acquires the video signal starting with Frame #0.
The content of FIGS. 5A and 5B of the depicted video frames
is essentially the same except in FIG. 5B, the scene is being
panned to the left as denoted by the dashed vertical line on the
left of the VAU 370 which marks the boundary between the
new scene detail not visible in Frame #0 and an old scene
detail visible and, therefore, available for prediction in Frame
#0. For the purposes of this sample illustration, it may be
assumed that a camera pointed towards a particular scene
with some considerable detail is undergoing an almost pure
pan towards left.

[0071] Returning again to FIG. 5A, FIG. 5A illustrates the
initial I-frame VAU 350 and the subsequent P-frame VAU 370
(FIG. 5B), respectively frames 0 and 3, from a GOP with
structure IBBPBBP . . . captured under these circumstances.
In the P-frame, the inter-coded i.e., temporally predicted,
macroblocks 372 (squares with identified borders 374) and
their corresponding motion vectors (tiny arrows 377 in the
identified square regions) are shown. The macroblock 376
denotes an immediately adjacent macroblock in a horizontal
plane to the macroblock 372. The boundary between the
horizontally adjacent macroblocks 372 and 376 is marked-up
by borders 374. The remaining macroblocks of the P frame
(the borders of which are unidentified and) most of which are
along the left border of the frame where due to the nature of
the motion new detail are entering the scene, are intra-coded.
This macroblock type distribution and the motion vector field
structure is very typical for a camera pan (to the left) case.
Depending on the camera pan speed and the temporal dis-
tance between the P type VAU 370 and its reference frame, the
vertical strip of intra-coded macroblocks predominantly
existing along the left border of the frame can span one or
more macroblock columns. For illustrative purposes, the area
along the left border with no boxes or blocks represent the
intra-coded macroblocks in FIG. 5B.

[0072] The above observation can be generalized to the
other cases of camera pan and scroll or more complicated
cases of global translational motion within a scene, in a
straightforward manner.
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TABLE 1

The coded representation of mb__type for an
Intra_4 x 4 coded MB in different slice types.

Coded
mb__type value for an representation i.e. ue(v) Length
Intra_4 x 4 codeword, for the ofthe

slice__type macroblock mb__type value codeword
20r7,(D) 0 1 1
Oor5, (P) 5 00110 5
loré, 23 000011000 9
®)
[0073] In all video compression standards, the encoding

type (mode) of each MB (except for skipped MBs) is signaled
upfront in the bitstream so that the decoder’s parsing and
entropy decoding process can anticipate the correct syntax for
each MB’s data and accurately interpret the bitstream. In P
type coded slices/VAUs, inter-coded i.e., temporally pre-
dicted, MBs define the preferred compression mode and their
frequency of occurrence is considerably greater than that of
intra-coded MBs in P type coded slices/VAUs. This leads to
the following observation. Assuming that Context Adaptive
Variable Length Coding (CAVLC) mode of H.264 is used to
represent the MB type syntax element ‘mb_type’, the binary
representation of the type of an Intra_4x4 coded MB in
different slice types can be summarized as in Table 1.
[0074] As can be seen, the use and signaling of unexpected
Intra_ 4x4 coded MBs in P and B slices incur an additional
overhead of 4 and 8 bits, respectively. The situation is similar
for Intra_ 16x16 coded MB varieties, although the relevant
details will not be provided here. Hence, rest being equal, it is
most efficient to instantiate intra-coded MBs in I-slices.

[0075] Temporally predicted frames i.e., both P and B type
coded VAU, serve to provide the most significant contribu-
tion to the coding efficiency and their sizes should desirably
be small. Since intra-coding is the least efficient coding type
among the three, the presence of an increased number of
intra-coded MBs in a P or B type VAU is an undesirable
situation. Nevertheless, when this actually happens, for
example, due to complex motion-deformation dynamics in P
or B type VAUs, or new objects entering the scene in P type
VAU s, the encoder’s task is to execute the encoding of these
intra MBs in the most efficient way possible.

[0076] FIG. 6A illustrates a single frame 400 having a
single vertical strip structured group of intra-coded macrob-
locks 410 and a plurality of parallel horizontally extending
inter-coded slices 415, where the vertical strip of intra-coded
macroblocks begins on the left boundary of the frame 400. In
this example, slices 1-5 are parallel and each occupy the same
number of rows. The arrangement of the vertical strip struc-
tured group of intra-coded macroblocks 410 partially over-
lapping and hence lying within the inter-coded slices 1-5 is
confined within a single VAU denoted by the varying hatching
of the macroblocks 410, and extend fully from the upper
border to the lower border of the frame 400.

[0077] FIG. 6B illustrates a single frame 420 having a
single vertical strip structured group of intra-coded macrob-
locks 425. The frame 420 further comprises a plurality of
parallel horizontally extending inter-coded slices 430, where
the vertical strip of intra-coded macroblocks 425 begins on
the right boundary of the frame 420. The vertical strip of
intra-coded macroblocks 425 partially overlaps and hence
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lies within the inter-coded slices 1-5 as denoted by the varying
hatching of the macroblocks 425.

[0078] FIG. 6C illustrates a single frame 450 having a
single horizontal strip structured group of intra-coded mac-
roblocks 460. The frame 450 further includes a plurality of
parallel horizontally extending inter-coded slices 455 where
the single horizontal strip structured group of intra-coded
macroblocks 460 begins on the bottom boundary of the frame
450 and extends fully from left to right of the frame 450.
[0079] FIG. 6D illustrates a single frame 470 having a
single horizontal strip structured group of intra-coded mac-
roblocks 475 and a plurality of parallel horizontally extend-
ing inter-coded slices 480, where the single horizontal strip
structured group of intra-coded macroblocks 475 begins on
the top boundary of the frame 470 and extends fully from left
to right of the frame 470. When there is a need to employ
intra-coding in a sizeable portion of a frame, and the slice
structure is not carefully tailored with respect to the geometry
of this region, slice boundaries within the region to be intra-
coded will reduce the intra-coding efficiency. This is essen-
tially due to the unavailability across slice boundaries of those
neighboring pixels which could otherwise have been used for
intra-prediction and the consequent unavailability of certain
intra prediction modes due to neighbor unavailability. FIGS.
6A-6D illustrate cases in which common slice structures fur-
ther divide the regions to be intra-coded and conflict with
intra-coding efficiency according to certain configurations.
[0080] FIG. 7 illustrates an encoding engine 500 for per-
forming content adaptive frame partitioning (into slice groups
and slices) and non-uniform VAU coding. The encoding
engine 500 include a content adaptive frame partitioning unit
510 and a non-uniform video access unit (VAU) coding unit
520. The content adaptive frame partitioning unit 510 com-
prises a shot boundary detector 512, a motion fields calculator
514, and frame segmentor 516. The content adaptive frame
partitioning unit 510 further includes a slice group determi-
nation and assignment module 518.

[0081] The shot boundary detector 512 detects one or more
shot boundaries of one or more frames. In one aspect, detect-
ing a shot boundary includes detecting a scene change. Detec-
tion of scene changes and shot boundaries is important since
these events imply interruptions in the continuity of motion
fields and changes in the composition of the scene. The
motion fields calculator 514 calculates motion fields of the
one or more frames such as the I-frames, P-frames, B-frames,
etc. In one aspect, the detected global motion operations
include operations such as camera pan or scroll, zoom-in or
zoom-out for P and B types, and complex motion-deforma-
tion instances in B and P type will necessitate the use of
intra-coding in these otherwise temporally predicted access
units. As the motion fields are determined, a camera pan or
scroll, zoom-in or zoom-out may be determined so that the
VAU may be non-uniformly coded accordingly. In one
embodiment, information about distinctively different
motion field segments within a frame, such as differing in the
direction and strength of the motion vectors they contain, may
be provided to the frame segmentor unit as a cue to facilitate
its segmentation task.

[0082] The frame segmentor 516 is for segmenting the one
or more frames. The frame segmentor 516 segments or
divides the frames into one or more groups of macroblocks
such as those sets of macroblocks associated with Slice
Group #0 and Slice Group #1 structures, as shown in any one
of FIGS. 9A-9D.
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[0083] The slice group determination and assignment mod-
ule 518 analyzes the frame segmentor unit output with the
purpose of associating the identified one or more macroblock
groups with one or more slice groups and with one or more
slices within each said slice group. The slice group determi-
nation and assignment module 518 analyzes the sizes and
geometries of the identified one or more macroblock groups,
their predictability attributes such as inter-predictable or
intra-predictable, assigns the one or more macroblock groups
to one or more slice groups, and determines the size of the one
or more slices within the said one or more slice groups (such
as the number of rows for any one slice of any one slice
group). The slice group determination and assignment mod-
ule 518 determines the slice groups, slices, and/or slice types
for the one or more frames. The non-uniform video access
unit (VAU) coding unit 520 performs the non-uniform encod-
ing on those macroblocks associated with the determined
type.

[0084] Referring again to FIG. 2A, based on the slice group
and/or slice type, the slice will be encoded using inter-coding
or intra-coding by the inter-coding encoder 118 or intra-
coding encoder 120, respectively. Thus, the encoding device
100 encodes the slices in accordance with the inter-coding or
intra-coding techniques based at least in part on the deter-
mined slice groups and/or the slices and/or the slice types.
[0085] The content adaptive frame partitioning (into slice
groups and slices) and non-uniform VAU coding handle the
reduced coding efficiency resulting from the mechanisms
described. Thus, the global motion operations, such as cam-
era pan or scroll, zoom-in or zoom-out in P and B type coded
VAUSs, and complex motion-deformation instances in B and P
type coded VAUs which do not fit the rigid-body translational
motion model (such as an object experiencing rotational
motion), will necessitate the use of intra-coding in otherwise
temporally predicted access units. The non-uniform VAU
coding will use intra-coding in temporally predicted access
units with increased efficiency.

[0086] In order to fulfill this requirement in the most effi-
cient manner, an encoder can adopt a processing flow similar
to the one illustrated in FIG. 8. As a result of this enhanced
processing, the slice partitioning structure for the sample
cases illustrated in FIGS. 6 A-6D shall be modified to those
illustrated in FIG. 9A-9D. It should be understood that the
sample cases in FIG. 6A-6D and FIG. 9A-9D are provided
only for illustrative purposes, and the segmentation/partition-
ing ofa frame into regions (macroblock groups), slice groups,
and slices based on predictability attributes can happen in a
totally flexible manner based on the provisions of FMO.
[0087] In various configurations below, flowchart blocks
are performed in the depicted order or these blocks or portions
thereof may be performed contemporaneously, in parallel, or
in a different order.

[0088] FIG. 8 illustrates a flowchart of the process 600 for
achieving content dependent frame partitioning and non-uni-
form video access unit coding according to certain configu-
rations. The process 600 begins with shot-boundary/scene-
change detection at block 602. Basic units of high spatio-
temporal similarity adding consistency are identified in the
video sequence through scene change detection which inter-
rupts spatio-temporal similarities and marks the boundaries
of'such basic units. Block 602 is followed by block 604 where
motion fields are calculated. In one aspect, bi-directional and
uni-directional calculations are used to identify predictability
attributes of frames or one or more regions within frames such
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as inter-predictable or not, global motion operations such as
camera pan or scroll, zoom-in or zoom-out as well as identi-
fying regions (macroblock groups) within frames with dis-
tinctively different motion characteristics such as static (non-
changing), uniform motion, non-uniform motion regions.
[0089] It should be noted that in a shot segment the motion
fields are calculated for all frames except for the first frame of
the video segment. In general a video sequence will comprise
multiple shot segments i.e. semantically consistent sets of
consecutive video frames separated by scene changes. An
IBP . . . arrangement will more correctly be referred to as a
‘GOP structure’. Although it is desirable to align I-frames
with scene changes, it is not necessary to do so and there are
other reasons for inserting uniformly spaced I-frames not
necessarily aligned with scene changes (such as enabling
random access with an upperbounded delay performance).
For example, the frame 350 of FIG. 5A is an [-frame and
would not be subjected to motion field calculations. However,
for the frame 370 in FIG. 5B, which is a P-type frame, the
motion field calculations would be performed. The first frame
or [-frame will be intra-coded in its entirety.

[0090] Block 604 is followed by block 606 where the
frames are segmented. The segmentation of the frames is
essentially based on temporal predictability and motion field
attributes. Block 606 is followed by block 608 where slice
group determination and assignment takes place. The slice
groups, slices and assignment of slice (coding) types on each
frame is determined. At block 608, the absolute address of the
first macroblock in each slice (first mb_in_slice) and/or
inverse scan macroblock information within each slice may
be identified. In specific relation to FIG. 9A, a frame 700 is
shown. Here, Slice 6 is identified to have I-type coding. The
slice boundaries are determined, such as the number of ver-
tical macroblock columns to be included in Slice 6. In one
aspect, slice 6 is associated with the vertical strip of macrob-
locks and need to be intra-coded due to the camera pan to the
left. Moreover, slices 1, 2, 3, 4 and 5 are determined here. In
this specific frame, slices 1-5 are P-type slices. Thus, in gen-
eral, the slice 6 would be the I-type while the remaining slices
are either all P Type or all B Type.

[0091] Inblock 608, the encoder engine may also incorpo-
rate additional constraints, such as for error resiliency. Block
608 is followed by block 610, where encoding based on the
identified slice coding types takes place, for example, intra-
coding and inter-coding of the slices. Block 610 ends the
process 600. The output of the process 600 may be sent to a
file in the memory 114 and/or sent in a bitstream to the
transceiver 116, at block 612, for delivery to the decoder
device 150 over the network 140.

[0092] The output of the process 600 depending on the
specific standard or other non-standard video compression
algorithm being used, will also contain information regarding
the association of macroblocks with slice groups and slices.
[0093] FIG. 11 illustrates a flowchart of a process 1000 for
non-uniform VAU decoding in the presence of flexible mac-
roblock ordering (FMO) use. The FMO provision in the
H.264 standard enables totally flexible partitioning (not con-
strained by raster-scan order implied consecutiveness) and
grouping of the set of macroblocks of a video frame into one
or more slice groups, and into one or more slices within each
slice group. The partitioning of the set of macroblocks into
one or more slice groups and into one or more slices within
each slice group, is determined by the encoder, and the result-
ing association between macroblocks and slice groups and
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slices should be provided to the decoder. For example, in the
H.264 standard this association is signaled in the Picture
Parameter Sets (PPS) through Slice Group Maps (SGMs).
The decoding operation will use the information provided by
the Slice Group Map (SGM) and also the syntax element in
the header of each slice signaling the absolute address of the
first macroblock in the slice, “first_mb_in_slice’, to inverse-
scan macroblock information within each slice from their
out-of-raster-scan-order to their correct spatial positions.
Consequently the decoding and pixel reconstruction process
will take place in accordance with the slice coding type again
signaled in the slice header. The decoder device 150 will
perform non-uniform VAU decoding using the SGM gener-
ated and written into the bitstream by the encoder when FMO
provision is in use.

[0094] In various configurations below, flowchart blocks
are performed in the depicted order or these blocks or portions
thereof may be performed contemporaneously, in parallel, or
in a different order.

[0095] The process 1000 begins with block 1002 where the
decoder device 150 receives PPS and determines the SGM
generated by the encoder device 110. The decoder device 150
also receives syntax elements in the slice header of each
signaled slice in the non-uniform coded VAU according to
block 1004. Block 1004 is followed by block 1006 where the
absolute address of the first macroblock in each slice (first_
mb_in_slice) is determined. Block 1006 is followed by block
1008 where the inverse-scanning operation of macroblock
position information within each slice from their out-of-ras-
ter-scan order to their correct spatial positions takes place.
Block 1008 is followed by block 1010 where the non-uniform
coded VAU is decoded and pixels, according to the slice
coding type as signaled in the slice header, are reconstructed.
[0096] FIGS. 9A-9D illustrate exemplary cases of non-
uniform coded VAUSs (with respect to both slice geometry and
slice coding type) derived from content adaptive video frame
slicing according to certain configurations. In FIG. 9A, the
non-uniform coded VAU 700 includes a vertical slice #6 as a
vertical strip 715 of macroblocks on the left side of the VAU
and is designated as [ type to be intra-coded. The vertical strip
715 starts at the left edge or border of the VAU 700 and
extends one or more macroblock columns therefrom to define
the right edge or border of the slice. The vertical strip 715
extends from the top to the bottom of the video frame. The
remaining slices 1-5 designated at 710 are inter-coded as a P
type slice. Slices 1-5 are parallel, horizontally structured and
are grouped into slice group #0. The left boundary for the slice
group #0 begins on the rightmost edge or border of the slice #6
and extends to the right boundary of the non-uniform coded
VAU 700. Thus, the absolute address for the first macroblock
in each of slices 1-5 would be set accordingly.

[0097] In FIG. 9B, the non-uniform coded VAU 730
includes a vertical slice #6 as a vertical strip 740 of macrob-
locks on the right side of the VAU and is designated as  type
to be intra-coded. The vertical strip 740 extends from the one
or more macroblock columns away from the right edge or
border of the VAU 730 and extends one or more macroblock
columns to the right edge or border of the VAU 730. The
vertical strip 740 also extends from the top to the bottom of
the VAU 730. The remaining slices 1-5 designated at 735 are
inter-coded as a P type slice. Slices 1-5 are parallel, horizon-
tally structured and are grouped into slice group #0. In this
case, the left boundary for the slice group #0 begins on the left
edge or border the VAU 730 and it extends to the left boundary
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of'the vertical strip 740. Thus, the absolute address for the first
macroblock in each of slices 1-6 would be set accordingly.
[0098] InFIG.9C,the VAU 750 includes a single horizontal
slice #1 as a horizontal strip 755 on the top side of the VAU
750 and is designated as I type to be intra-coded. The remain-
ing slices 2-7 designated at 760 are inter-coded as a P type
slice. In this case, the right and left borders of the horizontal
strip 755 coincide with the right and left borders or edges of
the VAU 750. The top edge of the horizontal strip 755 coin-
cides with the top edge of the VAU 750. However, the bottom
edge of the horizontal strip 755 extends one or more rows
downward from the top VAU edge. Slices 2-7 are parallel and
horizontally structured in a slice group #1. In this case, the
right and left borders of the each slice in the slice group #1
also coincide with the right and left borders or edges of the
VAU 750. In this arrangement, the number of rows in slices
1-7 and their sizes may not be equal. The last slice of the slice
group #1, in this case slice #7, has a bottom border which
coincides with the bottom border of the VAU 750.

[0099] InFIG. 9D, the VAU 800 includes a single horizon-
tal slice #8 as a horizontal strip 804 on the bottom of the VAU
800 and is designated as I type to be intra-coded. The bottom
edge of the horizontal strip 804 coincides with the bottom
edge of the VAU 800. The horizontal strip 804 extends one or
more macroblock rows up from the bottom edge of the VAU
800. The remaining slices 1-7 designated at 802 are inter-
coded such as a P type slice. Slices 1-7 are parallel and
horizontally structured into slice group #0. In this arrange-
ment, the number of rows in slices 1-8 and their sizes may not
be equal. The first slice of the slice group #0, in this case slice
#1, has atop border which coincides with the top border of the
VAU 750. The right and left borders ofall slices coincide with
the right and left borders of the VAU 750.

[0100] Those of ordinary skill in the art would understand
that information and signals may be represented using any of
a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout
the above description may be represented by voltages, cur-
rents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.
[0101] Those of ordinary skill would further appreciate that
the various illustrative logical blocks, modules, and algorithm
steps described in connection with the examples disclosed
herein may be implemented as electronic hardware, firm-
ware, computer software, middleware, microcode, or combi-
nations thereof. To clearly illustrate this interchangeability of
hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described
above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software
depends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for
each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the disclosed methods.

[0102] Thevarious illustrative logical blocks, components,
modules, and circuits described in connection with the
examples disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other program-
mable logic device, discrete gate or transistor logic, discrete
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hardware components, or any combination thereof designed
to perform the functions described herein. A general purpose
processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more MiCroprocessors in conjunc-
tion with a DSP core, or any other such configuration.
[0103] The steps of a method or algorithm described in
connection with the examples disclosed herein may be
embodied directly in hardware, in one or more software mod-
ules executed by one or more processing elements, or in a
combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a remov-
able disk, a CD-ROM, or any other form or combination of
storage medium known in the art. An example storage
medium is coupled to the processor such that the processor
can read information from, and write information to, the
storage medium. In the alternative, the storage medium may
be integral to the processor. The processor and the storage
medium may reside in an Application Specific Integrated
Circuit (ASIC). The ASIC may reside in a wireless modem. In
the alternative, the processor and the storage medium may
reside as discrete components in the wireless modem.
[0104] The previous description of the disclosed examples
is provided to enable any person of ordinary skill in the art to
make or use the disclosed methods and apparatus. Various
modifications to these examples will be readily apparent to
those skilled in the art, and the principles defined herein may
be applied to other examples and additional elements may be
added.

What is claimed is:

1. A device comprising:

a processor operative to perform content adaptive frame
partitioning into slice groups and slices and perform
non-uniform video access unit (VAU) coding in a single
VAU using one or more slice coding types; and

a memory coupled to the processor.

2. The device according to claim 1, wherein the processor
is operative, when performing the content adaptive frame
partitioning, to detect one or more shot boundaries of one or
more frames, calculate motion fields of the one or more
frames, segment the one or more frames, and determine the
slice groups, the slices or the slice types for the one or more
frames.

3. The device according to claim 2, wherein the processor,
when performing the non-uniform VAU coding, encodes the
one or more frames based at least in part on the determined
slice groups, the slices or the slice types.

4. The device according to claim 3, wherein the processor,
when performing the non-uniform VAU coding, encodes a
respective one frame based at least in part on the determined
slice groups being of a P or B-type slice group and a single
I-type slice group.

5. The device according to claim 4, wherein the processor,
when performing the non-uniform VAU coding, encodes a
respective one frame into a first group having a single slice
and a second group having a plurality of parallelly horizon-
tally extending slices.

6. The device according to claim 3, wherein a first slice
group comprises a single strip of intra-coded macroblocks
arranged in the single slice having three edges coinciding
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with three border edges or portions of the respective one
frame and a second slice group comprises a plurality paral-
lelly horizontally extending slices each with inter-coded mac-
roblocks.

7. The device according to claim 6, wherein the processor,
when performing the content adaptive frame partitioning,
includes detection of motion fields including global motion
and assignment of those macroblocks associated with the
global motion as the intra-coded macroblocks.

8. The device according to claim 7, wherein the global
motion comprises camera pan left, camera pan right, camera
scroll up or camera scroll down.

9. The device according to claim 1, wherein the processor
is operative to employ flexible macroblock ordering (FMO)
when partitioning and, when coding, to use different slice
coding types within the single VAU, in response to one or
more changes in a composite scene, the one or more changes
affecting one or more portions of the VAU but not all of the
VAU.

10. A multimedia system comprising:

a content adaptive frame partitioning unit operative to par-

tition a frame into slice groups and slices; and

a non-uniform video access unit (VAU) coding unit to

encode a first part of the frame into a single strip of
intra-coded macroblocks and a second part of the frame
into a plurality of parallel horizontally extending inter-
coded slices.

11. The system according to claim 10, wherein the content
adaptive frame partitioning unit comprises:

a detector for detecting one or more shot boundaries of one

or more frames;

a calculator for calculating motion fields of the one or more

frames;

a segmentor for segmenting the one or more frames; and

a determiner for determining slice groups and slices or

slice types for the one or more frames.

12. The system according to claim 11, wherein the non-
uniform VAU coding unit comprises an encoder operative to
encode the one or more frames based at least in part on the
determined slice groups, the slices or the slice types.

13. The system according to claim 12, wherein the encoder
is operative to encode a respective one frame based at least in
part on the determined slice groups being of a P-type and a
single I-type slice group.

14. The system according to claim 13, wherein the encoder
is operative to encode a respective one frame into a first slice
group having the single strip and a second group having a
plurality of parallel horizontally extending inter-coded slices.

15. The system according to claim 14, wherein a first slice
group comprises a plurality of intra-coded macroblocks
arranged in the single strip having three edges coinciding with
three border edges or portions of the respective one frame and
a second slice group comprises a plurality parallel horizon-
tally extending inter-coded slices.

16. The system according to claim 15, wherein the calcu-
lator detects motion fields including global motion for assign-
ment of those macroblocks associated with the global motion
as the intra-coded macroblocks.

17. The system according to claim 15, wherein the global
motion comprises camera pan left, camera pan right, camera
scroll up or camera scroll down.

18. A method for processing multimedia data comprising:

content adaptive frame partitioning of a frame into slice

groups and slices; and
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non-uniform video access unit (VAU) coding a first part of
the frame into a single strip of intra-coded macroblocks
and a second part of the frame into a plurality of parallel
horizontally extending inter-coded slices.

19. The method according to claim 18, further comprising
detecting a global motion detection.

20. The method according to claim 18, wherein the content
adaptive frame partitioning includes: detecting one or more
shot boundaries of one or more frames; calculating motion
fields of the one or more frames; segmenting the one or more
frames; and determining the slice groups, the slices or slice
types for the one or more frames.

21. The method according to claim 18, wherein the non-
uniform VAU coding includes encoding the one or more
frames based at least in part on the determined slice groups,
the slices or the slice types.

22. The method according to claim 21, wherein the non-
uniform VAU coding includes encoding a respective one
frame based at least in part on the determined slice group
being of a P-type and a single I-type slice group.

23. The method according to claim 22, wherein the non-
uniform VAU coding comprises: encoding a respective one
frame into a first slice group having the single strip having
three edges coinciding with three border edges or portions of
the respective one frame; and encoding a second group having
a plurality of parallel horizontally extending inter-coded
slices.

24. The method according to claim 23, wherein the encod-
ing of'the first slice group comprises: associating a horizontal
or vertical border edge of the respective one frame to a the
single strip of the intra-coded macroblocks; and encoding a
second slice group comprising a plurality parallel horizon-
tally extending inter-coded slices.

25. The method according to claim 24, wherein the content
adaptive frame partitioning includes detection of motion
fields including global motion for assigning those macrob-
locks associated with the global motion as the intra-coded
macroblocks.

26. The method according to claim 25, wherein the detec-
tion ofthe global motion comprises detecting one of a camera
pan left, a camera pan right, a camera scroll up or a camera
scroll down.

27. An encoding apparatus comprising: an encoding
engine operable to employ flexible macroblock ordering
(FMO) in conjunction with different slice coding types within
a single video access unit (VAU) in response to global motion
detection of a camera pan or a scroll.

28. The encoding apparatus according to claim 27, further
comprising:

means for detecting one or more shot boundaries of one or

more frames;

means for calculating motion fields of the one or more

frames including the global motion;

means for segmenting the one or more frames; and

means for determining slice groups and slices or slice types

for the one or more frames.

29. The encoding apparatus of claim 28, further compris-
ing means for encoding the one or more frames based at least
in part on the determined slice groups and the slices or the
slice types.

30. A computer program product that includes a computer
readable medium comprising instructions for processing
multimedia data, wherein the instructions cause a computer
to:
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perform content adaptive frame partitioning of a frame into
slice groups and slices using flexible macroblock order-
ing (FMO); and

perform non-uniform VAU coding on the partitioned frame

using one or more slice coding types.

31. The computer program product of claim 30, wherein
the instructions to perform content adaptive frame partition-
ing include instructions to cause the computer to:

detect one or more shot boundaries of one or more frames;

calculate motion fields of the one or more frames;

segment the one or more frames; and

determine the slice groups and the slices or the slice types

for the one or more frames.

32. The computer program product according to claim 31,
wherein the instructions to perform the non-uniform VAU
coding include instructions to cause the computer to:

encode the one or more frames based at least in part on the

determined slice groups and the slices or the slice types.

33. The computer program product according to claim 31,
wherein the instructions to calculate the motion fields
includes instructions to cause the computer to detect a global
motion detection.

34. The computer program product according to claim 30,
wherein the VAU is a multi-region scene with semantically
different segments and the instruction to perform the content
adaptive frame partitioning includes instructions to cause the
computer to partition the VAU into the semantically different
segments.

35. The computer program product according to claim 34,
wherein the instructions to partition further includes instruc-
tions to cause the computer to determine any one or more of
cut scene changes, cross-fades, fade-in or fade-outs, zoom-in
or zoom-outs, and global motion varieties.

36. The computer program product according to claim 31,
wherein the instructions to perform the non-uniform VAU
coding includes instructions to cause the computer to encode
arespective one frame based at least in part on the determined
slice groups being of a P-type or B-type slice group and a
single I-type slice group.

37. The computer program product according to claim 36,
wherein the instructions to perform the non-uniform VAU
coding includes instructions to cause the computer to: encode
a respective one frame into a first group having a single strip
of intra-coded macroblocks having three edges coinciding
with three border edges or portions of the respective one
frame; and encode a second group having a plurality of par-
allel horizontally extending inter-coded slices.

38. The computer program product according to claim 31,
wherein the instructions to calculate include instructions to
cause the computer to detect global motion for assigning
those macroblocks associated with the global motion as intra-
coded macroblocks.

39. The computer program product according to claim 38,
wherein the instructions to detect the global motion includes
instructions to cause the computer to detect one of a camera
pan left, a camera pan right, a camera scroll up, and a camera
scroll down.

40. An apparatus for processing multimedia data compris-
ing:

means for performing content adaptive frame partitioning

of a frame into slice groups and slices; and

means for performing non-uniform video access unit

(VAU) coding on the partitioned frame using one or
more slice coding types.
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41. The apparatus according to claim 40, wherein the
means for performing content adaptive frame partitioning
includes: means for detecting one or more shot boundaries of
one or more frames; means for calculating motion fields of the
one or more frames; means for segmenting the one or more
frames; and means for determining the slice groups, the slices
or the slice types for the one or more frames.

42. The apparatus according to claim 40, wherein the
means for performing the non-uniform VAU coding includes
encoding the one or more frames based at least in part on the
determined slice groups, the slices or the slice types.

43. The apparatus according to claim 40, wherein the
means for performing non-uniform VAU coding includes
encoding a respective one frame based at least in part on the
determined slice groups being of a P-type or B-type slice
group and a single I-type slice group.

44. The apparatus according to claim 40, wherein the
means for performing non-uniform VAU coding includes
encoding a respective one frame into a first group having a
single strip of intra-coded macroblocks having three edges
coinciding with three border edges or portions of the respec-
tive one frame and a second group having a plurality of
parallel horizontally extending inter-coded slices.

45. The apparatus according to claim 40, wherein the VAU
is a multi-region scene with semantically different segments
and the means for performing the content adaptive frame
partitioning includes partitioning the VAU into the semanti-
cally different segments.

46. A decoding apparatus comprising: a decoding engine
operable to decode a single non-uniformly coded video
access unit (VAU) employing flexible macroblock ordering
(FMO) in conjunction with different slice coding types within
the single VAU.

47. The decoding apparatus according to claim 46, wherein
the decoding engine receives picture parameter sets through
the FMO and an absolute address of a first macroblock of each
different coding type.

48. The decoding apparatus according to claim 46, wherein
the decoding engine includes a selective decoder to decode a
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first slice group having a single strip of intra-coded macrob-
locks having three edges coinciding with three border edges
or portions of the signal VAU, and to decode a second slice
group having a plurality of parallel horizontally extending
inter-coded slices.

49. A computer program product that includes a computer
readable medium comprising instructions for processing
multimedia data, wherein the instructions cause a computer
to:

decode a single non-uniformly coded video access unit

(VAU) employing flexible macroblock ordering (FMO)
in conjunction with different slice coding types within
the single VAU.

50. The computer program product according to claim 49,
wherein the instructions to decode include instructions to
cause the computer to receive picture parameter sets through
the FMO, and to receive an absolute address of a first mac-
roblock of each different coding type.

51. The computer program product according to claim 49,
wherein the instructions to decode include instructions to
cause the computer to decode a first slice group having a
single strip of intra-coded macroblocks having three edges
coinciding with three border edges or portions of the signal
VAU, and to decode a second slice group having a plurality of
parallel horizontally extending inter-coded slices.

52. An encoding apparatus comprising: an encoding
engine operable to employ flexible macroblock ordering
(FMO) in conjunction with different slice coding types within
a single video access unit (VAU) in response to one or more
changes in a composite scene, the one or more changes affect-
ing one or more portions of the VAU but not all portions of the
VAU.

53. The encoding apparatus of claim 52, wherein the one or
more changes include any one or more of cut scene changes,
cross-fades, fade-in or fade-outs, zoom-in or zoom-outs, and
global motion varieties.

sk sk sk sk sk
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