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Introduction 

Currently, H.26L supports two entropy encoding tools CABAC and the UVLC [1.].  CABAC uses adaptive arithmetic coding to achieve maximal coding performance at the cost of complexity.  The UVLC is based on variable length code words.  The UVLC is an example of the “back to basics” philosophy of H.26L.  A single VLC table is used for all syntax elements rather than designing distinct VLC tables for each syntax element as has been commonly seen in the past.  This design gives good coding performance without the complexity of arithmetic coding. 

UVLC coding model

The UVLC is based on a logarithmic codeword length distribution, the length of the ith codeword is given by 
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. This distribution determines the coding performance of the UVLC.  The success of the UVLC has been the ability to design the syntax so that this logarithmic codeword distribution approximates the entropy code of each syntax element.  Good examples of modifying the syntax to match the UVLC coding model can be seen in the use of the double scan for coding coefficients [1.] and the run-length coding of skipped macroblocks [2.].

UVLC code words

As described in TML, the UVLC codewords have a regular structure consisting of data bits interleaved with synchronization bits.  The codeword of length L=2N+1 consists of N data bits interleaved with the N+1 bit synchronization codeword consisting of N zeros followed by a 1.

Table 1 UVLC Codewords

Data bits
Synchronization bits
UVLC codeword

X1X2…XN
0102…0N1
01X102X2…0NXN1

1

0x1

0x0x1

0x0x0x1

…..

This interleaved structure of the codewords provides a resynchronization property designed to mimic the functionality of reversible VLC codes as used in MPEG-4 for example.  This resynchronization property comes at the cost of additional complexity dealing with the interleaved codewords.  

Resynchronization property

As designed the UVLC resynchronizes to VLC codeword boundaries following a bit error.  This property provides functionality similar to reversible VLCs allowing symbols following a bit error to be decoded.  The UVLC differs in its ability to detect and localize a bit error.  The impact of bit errors on the UVLC is analyzed in [3.].  Synchronization bit errors cause symbol insertions or deletions at the decoder which are difficult to localize.  The problem of error detection becomes very difficult.  Illegal VLC codewords are not present.  Errors must be detected at the syntax level where symbols may have been damage, inserted or deleted.  

In using reversible decoding, data partitioning is used along with synchronization points within the data partition.  When an error is detected, the decoder advances to the next synch point and decodes in the reverse direction until another error is detected.  Thus valid data can be decoded up to the first error and following the last error.  This technique depends upon error localization and syntax supporting reversible decoding.  For instance motion vector prediction must be modified to support reversible decoding.  Currently, the use of the UVLC resynchronization property is in unclear.  Error detection and localization need to be understood.  How does the decoder handle symbol insertions or deletions?  The VLC resynchronization property is not supported by the encoding syntax.  For instance the motion vector data is coded differentially.  If the VLC can resynchronize and correctly decode motion vector differences following a loss of synchronization they are useless since the motion vector prediction will be incorrect.  Unequal error protection combined with data partitioning may give comparable or better performance.  Unequal error protection has the advantage of being a function of the Network Adaptation Layer rather than the video encoding layer.  Thus precoded data not originally coded for a bit error prone network can easily be modified to increase the resilience to bit errors.

Low complexity VLC codewords.

Currently, the interleaved structure of the UVLC codewords provides no advantage but increases the complexity due to the bit interleaving operation.  This complexity was examined in [4.] and [5.].  To eliminate the complexity of encoding and decoding the UVLC codewords, a VLC table with identical coding performance but alternate codewords was proposed in [5.].  The distribution of codeword lengths is the same as that of the UVLC.  The interleaved structure of the UVLC is replaced by a partitioning into a prefix and suffix.  The resynchronization property of the UVLC is sacrificed in exchange for simpler codewords.

Table 2 Low Complexity Codewords

Data bits
Synchronization bits
Low Complexity codeword

X1X2…XN
0102…0N1
0102…0N1 X1X2…XN

1

01x

001xx

0001xxx

…..

The UVLC and low complexity codewords have a simple correspondence consisting of moving all data bits of a UVLC codeword to the end.  Thus both codes have identical coding performance differing only in the form of the codewords..

Table 3 Equivalence of codewords

UVLC
Low Complexity

0X10X2…0XN1
00…01 X1X2…XN
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