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1 INTRODUCTION

The current H.26L test model TML-5 uses an entropy coding scheme based on the universal variable length code (UVLC) [1]

 REF _Ref502030553 \r \h 
[2].  A single set of codewords is used to code all syntax elements.  The codewords are constructed by interleaving fixed-length codes into symmetric variable length codes [2].  The codewords are numbered from 0 and upwards.  For each type of syntax element, mappings are defined to convert between symbols and codeword numbers.  The TML-5 entropy coding scheme has the following advantages:

· A single, simple VLC for all syntax elements.

· Codewords are very regular.  This simplifies the symbols encoding and decoding processes.

· Resilient to transmission error if employed with syntax designed for bi-directional decoding.

The TML-5 coding scheme provides good coding performance over a range of existing syntax elements.  However, there are still rooms for improvements:

· It is found that the coding performance can still be substantially improved at small and large values of QP [3].  We may use such QP ranges more often when we incorporate some rate-control algorithm into the encoder.

· The TML-5 scheme cannot readily handle some emerging syntax elements (e.g. adaptive block transform coefficients [4]

 REF _Ref502029766 \w \h 
 \* MERGEFORMAT [10], first coefficient with CBP4x4 [8]) due to its fixed structure.  This hinders incorporating new syntax elements/ideas into this long term standard.

· The TML-5 scheme relies on other schemes (e.g. double scan) to alter the symbols’ statistics to achieve good coding performance.  To strike for a simple VLC, the test model complicates other parts of the standard.

In this document we propose a new entropy coding scheme to H.26L.  Our scheme explores the configurable property of the UVLC, and can achieve good compromise between simplicity and good coding efficiency.  We will describe the scheme and experimental results in the following sections.

2 CONFIGURABLE ENTROPY CODING SCHEME

To try to achieve the goals of simplicity and good coding efficiency, we propose a unified, parametric VLC scheme based on UVLC to handle all syntax elements [5].  The proposed scheme has a single, regular codeword structure, and can assume different probability distributions with different configurations as parameter.

The coding scheme is depicted in Figure 1.  Our scheme divides the symbols into different categories, and assigns different coarse code (prefix) to each category.  Within a category, the additional code (suffix) identifies an individual symbol.  The coarse code follows the format 00…01.  For the kth category, it has k+1 bits, k 0s followed by one 1 (Table 1).
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Figure 1 Configurable Coding Scheme.

Table 1 Coarse Code.

category
coarse code

0
1

1
01

2
001

3
0001

4
00001

5
000001

6
0000001

…


The codeword structure can be instantiated to codewords with different probability distributions by using different additional codes for each category.  The structure of the additional codes is defined by a configuration.  The configuration is a one-dimensional array of L positive integers, [rk : k=0 to L-1], where rk is the number of symbols in the kth category.  In this section we assume rk is a power of 2.  Later we will present an extension that rk can be any positive integer.

We specify only the number of symbols of the first six (tentatively chosen) categories in configuration, i.e. L=6, and after that we double the number of symbols for the successive category.  That is, configuration = [r0,r1,…r5], r6=2(r5, r7=2(r6, …, and in general, rk=2(rk-1, for k>=L.  This is to reduce the burden of specifying configurations in the standard.  Symbols with large code number usually contribute negligibly to the total bits.  The structure of additional codewords for configuration [1,1,2,4,8,16] is illustrated in Table 2.

Table 2 Additional Code with Configuration = [1,1,2,4,8,16].

configuration 

parameter (rk)
additional code

1
-

1
-

2
x

4
xx

8
xxx

16
xxxx

32
xxxxx

…
xx…xx

To form the final code, we simply concatenate the coarse codes and additional codes.  For example, with configuration = [1,1,2,4,8,16], the codeword structure is instantiated to the codewords of Table 3.

Table 3 Codewords Corresponding to [1,1,2,4,8,16].

category
coarse code
additional code
code number

0
1

0

1
01

1

2
001
x
2:3

3
0001
xx
4:7

4
00001
xxx
8:15

5
000001
xxxx
16:31

6
0000001
xxxxx
32:63

…




The numbers of symbols (hence the sizes of additional code) in the 0th to 5th category are specified by configuration, while that in 6th category or above are specified by the rule rk=2(rk-1.  If rk ranges from 20 to 215 then we can express the configuration with the powers and store it in 4(6=24 bits.

With configuration = [1,2,4,8,16,32], our scheme will assume the same probability distribution as the one in TML-5.  We use this configuration as our default configuration to code most symbols (Table 4).  For several other symbols and in certain situations (e.g. low QP) we use different configurations to improve the coding performance.  We will discuss them later.  We attach a different configuration instead of the default one to a symbol in certain situation only if this can reduce the total bits substantially, to avoid putting too many burdens in the standard.  

Our method is not inherently reversible.  Nevertheless, we can rely on other method (e.g. [11]) to support reverse decoding.  See [9] for more discussion of error resilient of the UVLC.

Table 4 Default configuration.

category
TML-5
our scheme with default configuration = [1,2,4,8,16,32]
code number
assumed probability

0
1
1
0
1/2

1
0x1
01x
1:2
1/8

2
0x0x1
001xx
3:6
1/32

3
0x0x0x1
0001xxx
7:14
1/128

4
0x0x0x0x1
00001xxxx
15:30
1/512

5
0x0x0x0x0x1
000001xxxxx
31:62
1/2048

6
0x0x0x0x0x0x1
0000001xxxxxx
63:126
1/8192

…





There have been several techniques proposed in H.26L to force the probability distributions of symbols to match that of the one assumed by TML-5, for example, double scan for intra luma at QP<24 [2], Dynamic Symbol Reordering (DSR) [6]
.  With our proposed scheme we handle these cases simply as different configurations of the same VLC.

2.1 Comparable Complexity in Encoding and Decoding Processes

The proposed scheme has a very regular codeword structure, and requires similar processing for encoding and decoding as the one in TML-5.

During encoding, the Telenor test model software first maps the symbols (e.g. level, run pairs) to code numbers using the mappings defined in Table 1 of TML-5 document [2].  Then to map the code number to codeword (which is referred by its length and INFO), the Telenor software keeps dividing the code number by 2 until code number equals zero (Figure 2
).  After that the bits encoding step interleaves INFO into bitstring 00…01 and puts the result into bitstream.

With our scheme the mappings from symbols to code numbers are the same.  To map the code number to codeword (which is referred by its category and additional code), we keep adding rk in the configuration until the sum is greater than the code number.  After that, the additional code can be determined simply as the offset in the category (Figure 2).  The algorithm is the same for any configuration, which is passed as parameter to the algorithm.  To encode the bits into bitstream we first put the (k+1) bits coarse code of value 1, where k is the category number.  Then we put the (log2rk) bits additional code.
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Figure 2 Comparing symbol encoding between TML and our scheme.
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The steps are reversed during symbols decoding.  The Telenor software finds the code number by the simple relation: code_number = 2length/2+INFO-1 (Figure 3).  Our scheme finds the code number with the equation:

where k is the category number.  This is very simple to implement (Figure 3
), and we can even pre-calculate the sum for each k for speed-up.  Also the configuration is passed as parameter to the algorithm, similar to symbols encoding.

Our scheme requires very simple encoding and decoding process.  A common encoder or decoder can be used for all different configurations.  The configuration is simply a parameter to the same encoding/decoding algorithm.  The configuration can be determined by the decoding context, for instance the first coefficient of a run may have a specific configuration.  The configuration can also be passed from encoder to decoder with negligible overhead to facilitate on the fly adaptability.
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Figure 3 Comparing symbol decoding between TML and our scheme.

2.2 Extension

In this section we relax the assumption that rk has to be a power of 2.  Without this assumption the codeword structure is even more flexible, and this improves the coding performance.  However, the encoding and decoding processes are slightly more complicated.  This additional flexibility is useful for the first few symbols of some distributions.

For the rk symbols in kth category, where rk is any positive integer, we represent the additional code (suffix) of the symbols as the Huffman code of rk equally probable symbols.

Table 5 Extension of Additional Codes.

rk
additional code

1
-

2
x

3
0, 1x

4
xx

5
0x, 10, 11x

6
0x, 10x, 11x

7
00, 01x, 10x, 11x

8
xxx

…


For example, with the configuration = [3,4,4,5,16,32], the codewords shown in Table 6.

Table 6 Codewords of [3,4,4,5,16,32].

category
coarse code
additional code
code number

0
1
0
0

0
1
1x
1:2

1
01
xx
3:6

2
001
xx
7:10

3
0001
0x
11:12

3
0001
10
13

3
0001
11x
14:15

4
00001
xxxx
16:31

5
000001
xxxxx
32:63

6
0000001
xxxxxx
64:127

7
00000001
xxxxxxx
128:255

…




Within the same category, we can have additional codes of two different lengths at most.  Therefore, the size of codewords within the same category can be different by one at most.  With this extension we can handle probability distribution such as 1/4, 1/8, 1/8, … with the configuration = [3,…], which results in codewords 10, 110, 111, … that fit nicely the symbol’s probability distribution.  If we allow rk to range from 1 to 256 then the configuration takes 8(6=48 bits.

It is found that with this extension we can achieve good coding performance with the adaptive block transform coefficients.  See [10] for more discussion.

The encoding and decoding processes are little bit more complicated with the extension.  The differences are in the bits encoding/decoding step.  Instead of interpreting the additional code as fixed length code, we interpret the additional code as Huffman code of rk equally probable symbols, where k is the category number, and we put/read the corresponding bits into/from bitstream.  Other than this, all other issues are exactly the same (converting between code number and codeword, codeword is referred by its category and additional code, passing configuration as parameter to algorithm, etc.).  Overall the encoding and decoding processes are still very simple.

2.3 Applications

In [6] it is reported that we can still improve the coding performance of the transform coefficients at the low and high QP ranges.  In the result section we will show that by using different configurations at different QP ranges we can improve the coding performance by as much as 13%.  Such QP ranges may become more important when we incorporate rate control algorithm into the encoder.

In [4] it is found that TML-5 entropy coding scheme cannot readily handle the adaptive block transform (ABT) coefficients. In the ABT, different block sizes are used during transform coding.  In [10] a similar code structure is used to adapt the VLC to the ABT coding mode. 

In [8] the CBP4x4 is introduced.  With CBP4x4 the first coefficient of a coded block will never be an EOB.  Thus the first coefficient has different statistic from the rest.  This can be readily handled by using a different configuration for the first coefficient, and this should introduce negligible burden and overhead as we have discussed.  See [8] for more discussion.

In general we expect our scheme is flexible to handle other new syntax elements/ideas emerged during the standardization.  We only have to design new configurations for new syntax elements.  The encoding and decoding algorithms are the same.

Changes to the current test model are confined in the conversion between code number and codeword step, and the bits encoding/decoding step.  We use the default configuration for most symbols, and attach a different configuration to a symbol in certain situation only if we observe substantial improvement in total bits used.  This can be carried out incrementally and systematically.

3 PROPOSED CONFIGURATIONS

We propose a flexible design that allows different configurations to be used with different syntax elements.  An initial working set of configurations is defined below.  Our interest has been in improving the coding of inter transform coefficients.  Further studies can be conducted to adapt configurations to different syntax elements and coding states.

3.1 Default Configuration: [1,2,4,8,16,32]

The default configuration generates the same probability distribution as the one in TML-5.  We use it for the following syntax elements: MB_Type (Inter and Intra), Intra_pred_mode (Prob0 and Prob1), MVD, CBP (Inter and Intra), Tcoeff_chroma_DC and Tcoeff_chroma_AC.  The symbol to codeword index map of [2] is used without modification.   This will give identical compression performance as the current entropy coding scheme in TML-5.

3.2 TCOEFF_Luma_SimpleScan

We propose to use different configurations for different QP ranges for the TCOEFF_Luma_SimpleScan symbol.  In the result section we will present the configurations and show that this can improve the coding efficiency.  With CBP4x4 [8] and when coding the first coefficient of a block, since EOB is not used, the symbol to codeword index map defined in [2] is modified by decreasing each codeword index by 1, and different configuration is used for the first coefficient.

3.3 CBP4x4

To code the 4x4 CBP of [8] we describe a configuration that closely corresponds to fixed length coding, the configuration [8,4,2,1,1,1].  The codewords correspond to the representation of the CBP4x4 using 4 bits.

Table 7 CBP4x4 codewords.
CBP4x4

1000

1001

1010

1011

1100

1101

1110

1111

0100

0101

0110

0111

0010

0011

0001

3.4 Additional Configurations Anticipated

Examination of the statistics of different syntax elements shows a variation in statistics as QP is increased.  These changes can be used to design configurations that depend upon QP, motion compensation mode, or intra prediction mode.  The most likely elements are

· TCOEFF_Luma_DoubleScan: we propose to use simple scan for the intra luma at QP<24 and different configurations, instead of double scan as in TML-5.  This should simplify the codec.  Will conduct experiments on this aspect in future.

· TCOEFF CHROMA
· MTYPE

4 EXPERIMENT RESULTS

We performed some simulations using our proposed scheme to code the transform coefficients corresponding to the TCOEFF_Luma_SimpleScan syntax element, using the Telenor software TML4.3.  We did not change the mapping from symbol to codeword number, but only the codeword itself.  Figure 4 and Figure 5 show the results for the ‘foreman’ sequence (QCIF 10fps), and  Figure 6 and Figure 7 show the results for the ‘mobile’ sequence (CIF 30fps).  We used different configurations for different QP ranges determined by examining the symbol distributions, and the same configuration throughout the sequence.  Table 8 shows the configuration used during the experiments.  As shown in the figures our proposed scheme outperforms the TML-5 consistently in every QP, and by as much as 13% in some case.  We restricted the configurations to be power of two in the experiment, and expect to see more improvement if we relax this assumption. 

5 CONCLUSIONS

We introduced a parametric VLC scheme based on UVLC that can achieve the goals of simplicity and good coding efficiency.  The proposed scheme has a single, regular codeword structure, and can assume different probability distributions with different configurations as parameter.  The complexity in encoding and decoding process is comparable to the one in TML-5.  We have presented two codeword structures, one with the configurations restricted to be power of two, and the other without this assumption.  The latter one is more flexible but is slightly more complicated.  We have presented some experiment results of using the proposed scheme to code the TCOEFF_Luma_SimpleScan syntax element, and the proposed scheme outperforms the TML-5 consistently.

As for future works, we will investigate replacing double scan with simple scan for intra luma at QP<24 using different configurations.  Also we will look into different existing/emerging syntax elements to see if they can be benefited from our scheme.
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Figure 4

 Comparing our proposed configurable scheme with TML-5 on foreman sequence.

Figure 5 Improvement with our proposed configurable scheme on foreman sequence.
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 Figure 6 Comparing our proposed configurable scheme with TML-5 on mobile sequence.

Figure 7 Improvement with our proposed configurable scheme on mobile sequence.

Table 8 Configurations used during our experiment.
foreman

QP

configuration in power of two, pk (i.e. rk=2pk)



p0
p1
p2
p3
p4
p5

1

2
3
3
4
5
6

3

2
3
3
4
5
6

5

1
2
2
3
4
5

7

1
2
2
3
4
5

9

1
2
2
3
3
3

13

0
1
2
3
3
3

17

0
1
2
2
2
2

21

0
1
2
2
2
2

25

0
1
2
2
2
2

29

0
1
1
1
1
1










mobile

QP

configuration in power of two, pk (i.e. rk=2pk)



p0
p1
p2
p3
p4
p5

1

2
3
3
4
5
5

3

2
3
3
4
5
5

5

2
3
3
4
5
5

7

2
3
3
4
5
5

9

2
2
3
3
4
4

13

1
2
3
3
3
4

17

0
1
2
3
3
3

21

0
1
2
3
3
3

25

0
1
2
3
3
3

29

0
1
2
2
2
2
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configuration=[rk]





(a) Regular Codeword Structure:





rk>0    k:0 to L-1





(b) Configuration:





/* symbol encoding code from Telenor TML4.3. */


void levrun_linfo_inter(int level,int run,int *len,int *info)


{


  /* mapping level, run to n, n=code_number-sign+1 */


  ..


  /* mapping n to codeword */





  nn=n/2;


  


  for (i=0; i < 16 && nn != 0; i++)


  {


    nn /= 2;


  }


  *len= 2*i + 1;


  *info=n-(int)pow(2,i)+sign;


  /* output *len, *info to bit encoding step */





}


(a) Symbol encoding code from Telenor TML4.3.





/* symbol encoding code with our scheme. */


void levrun_linfo_inter(int level,int run,int *category,int *add_code,


                         const int r[])    /* configuration */





{


  /* mapping level, run to n, n=code_number */


  ..


  /* mapping n to codeword */





  t=0;


  for (i=0;i<16 && n>=t;i++)


  {


    t+=r[i];


  }


  *category=i-1;                 /* category */


  *add_code=n-(t-r[*category]);  /* additional code */


  /* output *category, *add_code to bit encoding step */


}


(b) Symbol encoding code with our scheme.








nk bits





k+1 bits
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/* symbol decoding code from Telenor TML4.3. */


int linfo_mvd(int len,int info) 


{


  ..


  /* len, info from bit decoding step */


  n = (int)pow(2,(len/2))+info-1;


  /* n is code number */       


  ..


}


(a) Symbol decoding code from Telenor TML4.3.


/* symbol decoding code with our scheme. */


int linfo_mvd(int category,int add_code,


                 const int r[])      /* configuration */


{


  ..


  /* category, add_code from bit decoding step */


  n=add_code;


  for (i=0;i<category;i++)


    n+=r[i];


  /* n is code number */       


  ..


}


(b) Symbol decoding code with our scheme.
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				13		3.822214		4.079426		21438730		5255330				3.9681060942		20853707		2.7288136937

				17		3.552398		3.703393		11357268		3066720				3.6840549512		11297965		0.5221590263

				21		3.233267		3.328644		5056719		1519153				3.3136010659		5033867		0.4519135827

				25		2.968252		3.034024		2061340		679408				3.0197245249		2051625		0.471295371

				29		2.682151		2.740736		890920		325066				2.7167652108		883128		0.8746015355





config

		



entropy

TML-5

configurable

QP

redundancy

mobile (CIF 30fps)



		



improvement

QP

Improvement (%)

mobile (CIF 30fps)



		

				foreman

				QP				config

				1				2		3		3		4		5		6

				3				2		3		3		4		5		6

				5				1		2		2		3		4		5

				7				1		2		2		3		4		5

				9				1		2		2		3		3		3

				13				0		1		2		3		3		3

				17				0		1		2		2		2		2

				21				0		1		2		2		2		2

				25				0		1		2		2		2		2

				29				0		1		1		1		1		1

				mobile

				QP

				1				2		3		3		4		5		5

				3				2		3		3		4		5		5

				5				2		3		3		4		5		5

				7				2		3		3		4		5		5

				9				2		2		3		3		4		4

				13				1		2		3		3		3		4

				17				0		1		2		3		3		3

				21				0		1		2		3		3		3

				25				0		1		2		3		3		3

				29				0		1		2		2		2		2
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