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[0001]This application claims priority to U.S. Patent Application No.
60/883,961, filed January 8, 2007, which is incorporated herein by
reference in its entirety. BACKGROUND I. Field [0002]The subject
matter herein relates generally to image processing. II. Background
[0003]Development of communication technologies has led to an
increase in video communication in addition to text and voice
communication. Video data is usually voluminous and utilizes a large
amount of bandwidth during transmission. To reduce bandwidth
consumption, compression coding schemes may be used to communicate
video sequences to wide range of devices, including digital
televisions, digital direct broadcast systems, wireless communication
devices, personal digital assistants (PDAs), laptop computers,
desktop computers, video game consoles, digital cameras, digital
recording devices, cellular or satellite radio telephones, and the
like. [0004]Different video encoding standards have been established
for encoding digital video sequences. The Moving Picture Experts
Group (MPEG), for example, has developed a number of standards
including MPEG-1, MPEG-2 and MPEG-4. Other examples include the
International Telecommunication Union (ITU)-T H.263 standard, and the
ITU-T H.264 standard and its counterpart, ISO/IEC MPEG-4, Part 10,
i.e., Advanced Video Coding (AVC) and Scalable Video Coding (SVC).
These video encoding standards support improved transmission
efficiency of video sequences by encoding data in a compressed
manner. [0005]Context-adaptive variable length coding (CAVLC) may be
a method used to encode zigzag scanned 4x4 and 2x2 residual blocks
for H.264/AVC and SVC. In SVC coarse granular scalability (CGS), all
the layers use the CAVLC for H.264/AVC and the same CAVLC methodology
is applied for both base and  2 enhancement layer coding. However,
due to different prediction structures, different statistics of CGS
enhancement layer residual result as compared to that of base layer,
which results in inefficiency in CGS enhancement layer CAVLC residual
coding. SUMMARY [0006]Context-adaptive variable length coding (CAVLC)
for scalable video coding (SVC) coarse granular scalability (CGS)
enhancement layer coding may be performed by utilizing the number of
quantized input image data coefficients larger than one (NLrgl) as a
syntax element. The coding of coeff token may be based on TotalCoeff
and NLrgl. Level coding may be performed using a VLC table selected
based on the number of coefficients that are larger than one in the
remaining coefficients. Total_zeros coding may be performed by
adaptively selecting VLC tables based on a total zeros estimate
determined using number of total zeros in the block above and to the
left of the current block. [0007]This summary is provided to
introduce a selection of concepts in a simplified form that are
further described below in the detailed description. This summary is
not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit the
scope of the claimed subject matter. BRIEF DESCRIPTION OF THE
DRAWINGS [0008]FIG. 1 is a block diagram illustrating a digital
multimedia broadcasting system supporting video scalability.
[0009]FIG. 2 is a diagram illustrating video frames within a base
layer and enhancement layer of a scalable video bitstream. [0010]FIG.
3 is a block diagram illustrating exemplary components of a broadcast
server and a subscriber device in the digital multimedia broadcasting



scalability of video such that video content can be coded once, and
streams having various qualities may be offered by a content
provider. As an example, encoded video may include a base layer and
an enhancement layer. The base layer carries a minimum amount of data
necessary for video decoding and provides a base level of quality.
The enhancement layer carries additional data that enhances the
quality of the decoded video. [0018]In general, a base layer may
refer to a bitstream containing encoded video data which represents a
first level of spatio-temporal-SNR scalability. An enhancement layer
may refer to a bitstream containing encoded video data which
represents the second level of spatio-temporal-SNR scalability. The
enhancement layer bitstream is decodable in conjunction with the base
layer, i.e., it contains references to the decoded base layer video
data which are used to generate the final decoded video data.
[0019]Using hierarchical modulation on the physical layer, the base
layer and enhancement layer can be transmitted on the same carrier or
subcarriers but with different transmission characteristics resulting
in different packet error rate (PER). The base layer has a lower PER
for more reliable reception throughout a coverage area. The decoder
may decode only the base layer or the base layer plus the enhancement
layer if the enhancement layer is reliably received and/or subject to
other criteria. [0020]In some implementations, the techniques
disclosed herein may be applied to implement low complexity video
scalability extensions for devices that may conform to the H.264
standard. For example, extensions may represent potential
modifications for future versions or extensions of the H.264
standard, or other  4  standards. The H.264 standard was developed by
the ITU-T Video Coding Experts Group and the ISO/IEC Moving Picture
Experts Group (MPEG), as the product of partnership known as the
Joint Video Team (SVT), The coded video data and scalable extensions
may be carried in network abstraction layer (NAL) units. Each NAL
unit is a network transmission unit that may take the form of a
packet that contains an integer number of bytes. NAL units may carry
either base layer data or enhancement layer data. The base layer
bitstream syntax and semantics in a NAL unit may generally conform to
an applicable standard, such as the H.264 standard, possibly subject
to some constraints and/or modifications. [0021]The techniques
described in this disclosure may be used in combination with any of a
variety of predictive video encoding standards, such as the MPEG-1,
MPEG-2, or MPEG-4 standards, the nu H.263 or H.264 standards, or the
ISO/IEC MPEG-4, Part 10 standard, i.e., Advanced Video Coding (AVC),
which is substantially identical to the H.264 standard. Application
of such techniques to support low complexity extensions for video
scalability associated with the H.264 standard will be described
herein for purposes of illustration. [0022]If decoding is performed
in a client device such as a mobile handset, or other small, portable
device, there may be limitations due to computational complexity and
memory requirements Accordingly, scalable encoding can be designed in
such a way that the decoding of the base plus the enhancement layer
does not significantly increase the computational complexity and
memory requirement compared to single layer decoding. Appropriate
syntax elements and associated semantics may support efficient
decoding of base and enhancement layer data. [0023]FIG. 1 is a block
diagram illustrating a digital multimedia broadcasting system 10
supporting video sealability. In the example of FIG. 1, the system 10



filter, frequency conversion components to support modulation and
wireless transmission of the NAIL units produced by the NAIL unit
module 23. The  receiver/demodulator 26 may include a suitable modem,
amplifier, filter and frequency conversion components to support
wireless reception of the NAL units transmitted by the broadcast
server 12. In some aspects, the broadcast server 12 and subscriber
device 16 may be equipped for two-way communication, such that the
broadcast server 12, the subscriber device 16, or both include both
transmit and receive components, and are both capable of encoding and
decoding video. In other aspects, the broadcast server 12 may be a
subscriber device 16 that is equipped to encode, decode, transmit and
receive video data using base layer and enhancement layer encoding.
Hence, scalable video processing for video transmitted between two or
more subscriber devices is also contemplated. [00351The NAL unit
module 27 extracts syntax elements from the received NAL units and
provides associated information to the video decoder 28 for use in
decoding base layer and enhancement layer video data. The NAL unit
module 27 may be a separate component as shown in FIG. 3, or be
embedded within or otherwise integrated with the video decoder 28.
The base layer/enhancement layer entropy decoder 39 applies entropy
decoding to the received video data. If enhancement layer data is
available, the base layer/enhancement layer combiner module 38
combines coefficients from the base layer and enhancement layer,
using indications provided by the NAL unit module 27, to support
single layer decoding of the combined information. The video decoder
28 decodes the combined video data to produce output video to the
drive display device 30. The syntax elements present in each NAL
unit, and the semantics of the syntax elements, guide the video
decoder 28 in the combination and decoding of the received base layer
and enhancement layer video data. [0036]Various components in the
broadcast server 12 and the subscriber device 16 may be realized by
any suitable combination of hardware, software, and firmware. For
example, the video encoder 22 and the NAL unit module 23, as well as
the NAL unit module 27 and the video decoder 28, may be realized by
one or more general purpose microprocessors, digital signal
processors (DSPs), hardware cores, application specific integrated
circuits (ASICs), field programmable gate arrays (FPGAs), or any
combination thereof In addition, various components may be
implemented within a video encoder-decoder (CODEC). In some cases,
some aspects  9 of the disclosed techniques may be executed by a DSP
that invokes various hardware components in a hardware core to
accelerate the encoding process. [0037]For aspects in which
functionality is implemented in software, such as  functionality
executed by a processor or DSP, the disclosure also contemplates a
computer-readable medium comprising codes within a computer program
product. When executed in a machine, the codes cause the machine to
perform one or more aspects of the techniques described in this
disclosure. The machine 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, and the like. [0038]Referring to FIG. 4A, in
entropy encoding according to H. 264, transformation coefficients are
processed on a 4x4 block basis after an orthogonal transformation. In
the H. 264 encoding scheme, five syntax elements (described below)



>=2 0 1 - - 1. 01 00010 - 2 001 000010 000000101 3 00011 0000011
000000100 4 000011 00000100 000000011 5 00000101 000000110 0000000011
6 000000111 0000000100 0000000010 7 000000010 00000000011 00000000010
8 0000000000101 0000000000100 000000000011 9 00000000000101
00000000000100 0000000000011 10 0000000000001001 0000000000001000
00000000000011 11 00000000000001101 00000000000000111 000000000000101



12 00000000000001100 00000000000000110 0000000000000111 13
00000000000001011 00000000000000101 00000000000000011 14
00000000000001010 00000000000000100 00000000000000010 15
00000000000001001 000000000000000011 000000000000000001 16
00000000000001000 000000000000000010 000000000000000000  Table 2 cod?
token VL Cl Niaz \ TgLrg 1 0 1 >=2 0 11 - -  10 000110 - 2 011 00100
00000101 3 010 000101 0000100 4 0011 000100 0000011 5 00101 0000110 



00000100 6 000111 0000101 00000011 7 0000111 000000100 000000011 8
000000101 0000000101 0000000100 9 00000000101 00000000100 0000000011
10 000000000101 0000000000111 00000000011 11 00000000001101
00000000000111 000000000100 12 00000000001100 00000000000110
00000000000100 13 00000000001011 00000000000101 00000000000011 14
00000000001010 000000000000101 000000000000010 15 00000000001001
000000000000100 000000000000001 16 00000000001000 000000000000011
000000000000000  WO 2008/086309PCT/US2008/050435 13 Table 3 coeff
token VLC2 



Nnz \ NLrgl 0 1 >=2 0 0111 - -  0110 00000110 - 2 111 001000
000000101 3 110 01000 0000110 4 101 00111 000110 5 100 00110 000101 6
0101 00101 000100 7 01001 000111 0000101 8 001001 0000111 0000100 9
00000111 00000101 00000100 10 000000111 000000110 000000100 11 



00000001101 00000000111 0000000111 12 00000001100 00000000110
00000000011 13 00000001011 00000000101 000000000011 14 00000001010
00000000100 000000000010 15 00000001001 000000000101 000000000001 16
00000001000 000000000100 000000000000  [0047]If nC > 8, then a fixed
length codeword may be written as follows: If TotalCoeff = 0, code 00
Otherwise a 6-bit fixed length code may be used, which is includes
2-bits of min(NLrg1+1,3) and 4-bits of TotalCoeff -1. [0048]In some
implementations, when the output of the NLrgl determination unit 53
is larger than 2, a unary code of (NLrg1-2) is appended thereto.
[0049]A level coding determination unit 54 may select a VLC table for
level coding based on the number of coefficients that are larger than
1 in the remaining coefficients to be coded. In some implementations,
when the magnitude of all the remaining coefficients to be coded is
less than or equal to 1, then the sign bits are coded. When the
number of coefficients having absolute value is larger than 1 is 1,
then VLC table 0 is used, otherwise, VLC table 1 is used to code
levels. [0050]The total_zeros generation unit 56 adaptively selects
VLC tables based on a total_zeros estimate that may be determined in
the same manner as nC (i.e., using number of total zeros in the block
above and to the left of the current block). The VLC table index is
assigned as shown below in Table 4. Such an implementation accounts
for a total zeros statistic for the enhancement layers that may
differ not only from the  WO 2008/086309PCT/US2008/050435 14 base
layer, but also from layer to layer. The VLC for total zeros
assignment may be conditioned on TotalCoeff values. Tables 5 and 6
are the VLC table for total zeros. Table 4 total zeros VLC table
index assi ment total_zeros estimate VLC table index 0,1,2 0
3,4,...,15 1  WO 2008/086309PCT/US2008/050435 15 Table 5 total zeros
VLC table0 TotalCo eff 



total_zer os 1 2 3 4 5 6   0 1 11 0011 0011 0011 000001 00001  1 011
101 111 111 111 0011 0011  2 010 100 110 110 110 101 101  3 0011 011
101 101 101 100 100  4 0010 010 100 



100 100 0010 011  5 0001 0011 011 011 011 011 11  6 000011 0010 010
0010 0010 11 010  7 000010 0001 0010 0001 010 010 0010  8 000001
00001 00001 010 0001 00001 0001  9 0000001 0000001 0001 00001 00000 1
0001 00000 



10 000000001 000001 000001 000001 00001 000000 -  11 00000001
00000001 0000000 1 000000 1 00000 0 -   12 0000000001 000000001
0000001 000000 0 -  -  13 00000000001 000000000 1 0000000 0 - .  -
14 00000000000 1 000000000 0 - -  -   15 00000000000 0 - 



- -   TotalCo eff total_zer os 8 9 10 11 12 13 14 15 0 00001 00001
00001 0001 0001 001 01 1 1 101 0001 0001 001 001 01 1 0 2 0001 011 11
11 01 1 00 - 3 100 11 10 10 1 



000   4 11 010 001 01 0000  -  5 011 001 01 0000  -  - 6 010 10 00000
- -   7 001 00000  - - - - - 8 00000  - - -   -  9 



_ - _ _ _ _ 10 - - - - - -   11  - _ _ _ _ _ _ 12  - - - -   - 13 - -
-  - - -   14  _ _ 



_ _   _ 15 - - -  - - - -  WO 2008/086309PCT/US2008/050435 16 Table 6
total zeros VLC tablel TotalCoef f total zero S 1 2 3 4 5 6 7  0 11
0101 00011 00000 1 00000 1 00000 1 00000 1  1 101 111 0101 00001
00000 0 00000 0 00000 0  2 100 110 



0100 0101 0011 00001 00001  3 011 101 111 0100 0010 0011 0011  4 0011
100 110 111 111 0010 0010  5 010 011 101 110 110 101 11  6 0010 0100
100 101 101 11 011  7 00011 0011 011 0011 100 100 



010  8 00010 0010 0011 100 011 011 10  9 000011 00001 0010 011 0001
010 0001  10 000010 0001 00010 0010 010 0001 -  11 000001 000001
00001 0001 00001 -   12 0000001 0000001 00000 1 00000 0 -  -  13
00000001 



0000000 1 00000 0  - - -  14 00000000 1 0000000 0 - -  - -  15
00000000 0 - - - -  -  TotalCocf f total_zero S 8 9 10 11 12 13 14
-In 0 000001 00001 00001 0001 0001 001 01   000000 00000 00000 



0000 0000 000 1 0 2 00001 0001 0001 001 01 1 00  3 0001 011 001 11 1
01  - 4 011 010 11 10 001 - -  5 010 11 10 01   -  6 11 10 01  - -  



- 7 10 001  - - -   8 001    - - - - 9  - _ - _ .   10 - - -  -  - -
11 - -  -  :  - 12 -  



- - - - - - 13 - - -   - -  14    -  -  - 15 _ _ _ _ _ _ _ _  17
[0051]The variable-length code combination unit 52 sequentially
combines and outputs a variable-length code input from the coeff
token variable-length code generation unit 55, a variable-length code
input from the Level variable-length code generation unit 54, a
variable-length code input from the Total_zeros variable-length code
generation unit 56, and a variable-length code input from the
nin_before variable-length code generation unit 51. [0052]FIG. 8
shows stages of a process 100 for CAVLC for scalable video coding
(SVC) coarse granular scalability (CGS) enhancement layer coding. At
102, image data is received. For example, orthogonally transformed
block image data may be received by the encoder 22. At 104, syntax
elements are determined. For example, the syntax elements may specify
coding in accordance with coefficients within the block image data.
At 106, coding is performed. For example, coding may be performed by
adaptively applying VLC tables to code the image data. At 108, he
encoded stream is output. For example, the encoded stream may be
output from the video encoder for processing and transmission.
[0053]FIG. 9 shows stages of the process 120 for determining syntax
elements and outputting of the encoded stream. At 122, the number of
quantized transform coefficients having an absolute value greater
than 1 is determined (NLrg1). For example, the NLrgl determination
unit 51 may determine this value from the input block image data. At
124, TotalCoeffs is determined. For example, the TotalCoeffs
determination unit 44 may calculate the number of transformation
coefficients in the image data block that do not have a value=0.
[0054]At 126, coeff token encoding is performed in accordance with
NLrgl and TotalCoeffs. For example, the coeff token variable-length
code generation unit 49 calculates coeff token as a syntax element
from the value of TotalCoeffs calculated by the TotalCoeffs
determination unit 55 and the output of the NLrgl determination unit
53. At 128, level coding is performed based on the number of
coefficients are larger than one in the remaining coefficients. For
example, the level code generation unit 54 may select a VLC table for
level coding based on the number of coefficients that are larger than
1 in the remaining coefficients to be coded. At 130, total_zeros
coding is performed in accordance with an estimate. For example, the
total_zeros generation unit 18 56 may adaptively select VLC tables
based on a total_zeros estimate determined using number of total
zeros in the block above and to the left of the current block.
100551At 132, run before coding is performed. For example, the
run_before determination unit 47 may sequentially calculate zero runs
in the reverse scan order. At 134, the variable length codes
determined at 126, 128, 130 and 132 are combined. At 136, the
combined codes are output as an encoded stream. For example, the
encoded stream may be output from the encoder 22. [00561The
embodiments described herein may be implemented by hardware,
software, firmware, middleware, microcode, or any combination
thereof. When the systems and/or methods are implemented in software,
firmware, middleware or microcode, program code or code segments,
they may be stored in a machine-readable medium, such as a storage
component. A code segment may represent a procedure, a function, a
subprogram, a program, a routine, a subroutine, a module, a software
package, a class, or any combination of instructions, data
structures, or program statements. A code segment may be coupled to



[0057]For a software implementation, the techniques described herein
may be implemented with modules (e.g., procedures, functions, and so
on) that perform the functions described herein. The software codes
may be stored in memory units and executed by processors. The memory
unit may be implemented within the processor or external to the
processor, in which case it can be communicatively coupled to the
processor through various means as is known in the art. 100581The
stages of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in
a software module executed by a processor, or in a combination of the
two. A software module may reside in random access memory ("RAM"),
flash memory, read-only memory ("ROM"), erasable programmable
read-only memory ("EPROM"), electrically-erasable programmable
read-only memory ("EEPROM"), registers, a hard disk, a removable
disk, a CD-ROM, or any other form of storage medium known in the art.
An example  19  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 user circuit ("ASIC"). The ASIC may
reside in a user terminal. In the alternative, the processor and the
storage medium may reside as discrete components in a user terminal.
[0059]It should be noted that the methods described herein may be
implemented on a variety of hardware, processors and systems known by
one of ordinary skill in the art. For example, a machine that is used
in an implementation may have a display to display content and
information, a processor to control the operation of the client and a
memory for storing data and programs related to the operation of the
machine. In some implementations, the machine is a cellular phone. In
some implementations, the machine is a handheld computer or handset
having communications capabilities. In another implementation, the
machine is a personal computer having communications capabilities.
[0060]The various illustrative logics, logical blocks, modules, and
circuits described in connection with the implementations disclosed
herein may be implemented or performed with a general purpose
processor, a DSP, an ASIC, a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to
perform 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
conjunction with a DSP core, or any other such configuration.
[0061]Although the subject matter has been described in language
specific to structural features and/or methodological acts, it is to
be understood that the subject matter defined in the appended claims
is not necessarily limited to the specific features or acts described
above. Rather, the specific features and acts described above are
disclosed as example forms of implementing the claims.  20 CLAIMS
1. A method for context-based adaptive variable length coding, the
method comprising: receiving transformed block image data;
determining syntax elements from the block input data, the syntax
elements including a TotalCoeffs value, a number of quantized



22 includes min(NLrg1+1,3) and TotalCoeff -1 if nC is less than the
predetermined integer value.       11. The apparatus of claim 8,
wherein a unary code of NLrg1-2 is appended if NLrgl is greater than
2.       12. The apparatus of claim 8, wherein the level code
generation unit codes sign bits if a magnitude of the remaining
coefficients to be coded is less than or equal to 1, and wherein the
level code generation unit codes levels using VLC table 0 if the
number of coefficients that are larger than 1 is 1 and codes levels
using VLC table 1 if the number of coefficients that are larger than
1 is not 1.       13. A video encoder comprising: means for receiving
transformed block image data;       means for determining syntax
elements from the block input data, the syntax elements including a
TotalCoeffs value, a number of quantized transform coefficients
having an absolute value larger than 1 (NLrgl) value, a total_zeros
value, a run before value, and a level value; and       means for
coding the transformed block image data in accordance with the syntax
elements, comprising:       means for encoding a coeff token in
accordance with the NLrg I value and the TotalCoeffs value; and
means for determining level coding in accordance with the number of
coefficients that are larger than 1 in the remaining coefficients to
be coded.        14. The video encoder of claim 13, wherein the means
for encoding the coeff token determines a predictor nC based on the
number non-zero coefficients of a previously coded left-hand block nA
and a previously coded upper block nB, and selects a VLC table to
perform coeff token encoding based on the predictor nC.       15. The
video encoder of claim 13, further comprising:       means for coding
sign bits if a magnitude of the remaining coefficients to be coded is
less than or equal to 1; and  23       means coding levels using VLC
table 0 if the number of coefficients that are larger than 1 is 1 and
using VLC table 1 if the number of coefficients that are larger than
1 is not 1.   16. The video encoder of claim 13, further comprising:
means for determining total_zeros encoding based an estimated
total_zeros value determined from a neighboring blocks' total zeros.
17. A computer-readable medium comprising executable instructions to
perform a method of context-based adaptive variable length coding,
the method comprising: receiving transformed block image data;
determining syntax elements from the block input data, the syntax
elements including a TotalCoeffs value, a number of quantized
transform coefficients having an absolute value larger than 1 (NLrgl)
value, a total_zeros value, a run_before value, and a level value;
and       coding the transformed block image data in accordance with
the syntax elements, comprising:       encoding a coeff token in
accordance with the NLrgl value and the TotalCoeffs value; and
determining level coding in accordance with the number of
coefficients that are larger than 1 in the remaining coefficients to
be coded.       18. The computer-readable medium of claim 17, further
comprising instructions to perform: determining a predictor nC based
on the number non-zero coefficients of a previously coded left-hand
block nA and a previously coded upper block nB; selecting a VLC table
to perform coeff token encoding based on the predictor nC.        19.
The computer-readable medium of claim 17, further comprising
instructions to perform:       determining total_zeros encoding based
an estimated total_zeros value determined from a neighboring blocks'
total zeros. 


