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Summary

This document contains a proposal for an improved description of CABAC. In addition, some technical changes are proposed that provide an improved cleanliness of the design, a significant complexity reduction and a slight overall improvement in coding efficiency. 

1 Editorial Changes

The CABAC description in the current Committee Draft [1] has been re-organized such that a separate sub-clause for binarization, context definition and context assignment, and initialization of contexts has been installed. The specification for each syntax element is given within these sub-clauses rather than having a separate sub-clause for each syntax element, as it is currently organized in the CABAC text of the CD. This way, the systematics of the CABAC design are more clearly to understand and the description is getting more concise. In addition, some inconsistencies and vagueness in the description have been removed. For the transform coding unit, syntax diagrams have been included in the corresponding sub-clauses of clauses 8 and 9 [1]. 

The accompanying document JVT-D017d0_D019.doc [2] contains the proposed editorial changes relative to JVT-D017d0.doc together with the technical changes proposed in this document.

2 Technical Changes

2.1 Coding of ABP Coefficient Index

Currently, there is no CABAC support of the syntax element of adaptive bi-prediction coefficient index (abp_coeff_idx). We propose to add the following coding method for abp_coeff_idx. 

For the binarization of abp_coeff_idx, the unary binarization method (sub-clause 10.2.1.1 [2]) is used. A context identifier (sub-clause 10.2.2 [2]) ctx_abp_coeff_idx is introduced; it consists of an array of context variables ctx_abp_coeff_idx[1…3] with three entries, where the entry ctx_abp_coeff_idx[k] with index k corresponds to the k-th bin of the unary binarized ABP coefficient index. All bins related to bin numbers greater than 3 are connected to the context variable ctx_abp_coeff_idx[3]. Each of the context variables ctx_abp_coeff_idx[k] maps on a fixed separate model, such that in summary 3 additional models for encoding/decoding of ABP coefficient index are needed. 
2.2 Simplified Binarization and Coding of Motion Vector Data and Transform Coefficients

In the current CD, binarization of the absolute values of motion vector components (abs_mvd_comp) and of transform coefficient levels (abs_level) is performed by using a concatenated binarization of unary and zero-order Exp-Golomb code [2]. We propose two modifications to reduce the computational complexity of that coding part within the CABAC entropy coding mode.

First, we propose to use a different binarization scheme for coding of the motion vector components. Currently, the unary prefix of abs_mvd_comp may consist of up to 63 “1” symbols, which have to be processed by the subsequent arithmetic coding stage. Although on he average a much lower size of the prefix code is to be expected, the computational burden of the arithmetic coder can be significantly reduced by employing a binarization scheme that is much closer to the probability distribution of the motion vector components. By obeying this design criterion, we derived the following solution: As before, the binarization of abs_mvd_comp is a concatenation of a unary and Exp-Golomb (EG) code, but with different parameters. For the truncation of the unary prefix code, we propose to reduce the cut-off parameter UCoff from 63 to 9. Instead of using a zero-order EG code for the suffix, we propose to apply a 3rd-order EG to the “residual” R=S(Ucoff = S(9, where S denotes an arbitrary abs_mvd_comp element. Thus, we achieve a binarization, which has a better fit to the actual statistics of motion vector data.
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The second new element for simplifying the coding of motion vector data and transform coefficients is to use the encoding/decoding bypass of the arithmetic coding engine for the EG suffix of both abs_mvd_comp and abs_level. In this way, the computational complexity can be significantly reduced.

2.3 Revision of Table-Based Arithmetic Coding

Figure 1 illustrates the probability states of the finite state machine as it is currently defined in the CD. The red dashed lines in upward direction correspond to a LPS transition, while the black downward directed lines symbolize the MPS transitions. In addition to the main “string” of states corresponding to the state numbers 12-63, there are some transient states with state index 0-11.  The latter ones are only useful to speed up the adaptation process for skewed distributions. As can be seen from the graph in Fig. 1, there is a faster convergence in case of a sequence of MPS observations, when starting from an initial state 0-11. However, since CABAC involves a very efficient mechanism to provide each context model with a suitable initialization, this additional feature of the finite state machine doesn’t take effect.

Consequently, we propose to remove the transient states 0-11 and to add some new states at the lower end of the probability space.  Since the probability values of states 0-11 are a subset of the states 12-63, the accuracy of the original representation is maintained for that part of the probability space, which corresponds to higher (LPS) probabilities.    
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Figure 2 shows the proposed probability states, which have been generated as follows. First, the states 12-63 of the current CD engine have been shifted to the indices 0-51, and then 12 new states 52-63 have been incorporated. These states represent an additional probability interval (0.0256, 0.0192].

As a consequence of this re-design of the probability estimator, there is also a simplification of the MPS/LPS switching mechanism. Since in the new design only one state with prob(LPS) =0.5 is remaining, there is no further need for a Switch_MPS table indicating a switch from the meaning of MPS and LPS. 

2.4 New Initialization Method and Initialization Tables for Context Models

The current CD involves a mapping from the count-based initial values to the state-driven probability estimator. This mapping can be avoided by deriving new initial values on the basis of the new state-driven probability estimation, and by substituting the old count-based initialization values with the new ones. To unify the concept of initialization, we further propose to maintain only one single mode of initialization out of the three modes currently supported by the CD. Thus, the computational complexity as well as the memory bandwidth is reduced.

The proposed initialization process is as follows: At the beginning of each slice, each context model is initialized with an initial state, which consists of a state number and the meaning of the most probable symbol (MPS) as further described in [1]. The actual initial state of a context model depends linearly on the (initial) quantization parameter QP of the given slice, such that for each context model a pair of table entries {m, b} is given, from which the initial state is computed in the following way:

1. Compute a pre_state = ( m((QP(12)+(b<<4) )>>4;

2. Limit pre_state to the range of [0,101] for P- and B-slices and to the range of [27,74] for I-frames, i.e. set
pre_state = min (101, max(0,pre_state)) for P- and B-slices and
pre_state = min (74, max(27,pre_state)) for I-slices;

3. Map pre_state to {state, MPS} pair according to the following rule:
if (pre_state <= 50) then {state = 50-pre_state, MPS = 0} else {state = pre_state-51, MPS = 1}

The table entries {m, b} are given in 8-bit accuracy; the tables containing these values for each context are included in the accompanying proposed CABAC description [2].

2.5 Bug-Fix for Constrained Arithmetic Coding

The current CD includes a mechanism to constrain the arithmetic decoder complexity in a way that the average ratio of encoded bins and written bits is limited. There are a couple of problems related to this part of the coding engine.

First and main problem consists in the fact that there is no lower bound on the counter C, which controls the insertion/removal of stuffing bits. In a high bit rate coding scenario, we typically observe a ratio of bins to bits of about 1.3 such that for each bit the counter C is incremented by 1.3 - 4 = -2.7 on the average. This results, for instance, for Mobile, CIF, QP=0, first I-frame in a value of C = -1515008 at the end of the decoding process. This implies that the current engine does not allow a 16-bit implementation, which is unacceptable. However, including a lower bound doesn’t solve the problem, since it adds complexity to determine out whether the lower bound has been exceeded.

Complexity increase is already a problem in the current encoder/decoder design. The control of the counter C needs one add operation, and in case of a renormalization at least one additional pair of add and compare operations is needed for the constrained arithmetic coding. 

The third problem is related to coding efficiency. We have examined some low bit-rate coding scenarios, where a quite significant loss in coding efficiency was observed. Figure 3 shows that a bit-rate increase of up to 30% for the B-frame rate has been measured in some experiments, which corresponds to an overall loss in coding efficiency of up to 7%.  More results of our experiments indicating the coding efficiency problem of the constrained arithmetic coding can be found in the accompanying Excel-document JVT-D019.xls.

As a solution to all these problems, we propose a method with a cleaner design offering a way to achieve the same goal with much lower decoder complexity. Our method is based on the following simple mechanism:

Counting the number of binary events E and the number of written bits B in the encoder, it is sufficient to check at the end of encoding a frame/slice whether E > R(B, where R is some pre-defined maximum ratio of bins per bit. In the case this condition holds, (E ( R(B)/R stuffing bits will be appended at the end of the bit-stream such that the maximum ratio R = E/B' with B'= B + (E(R(B)/R is achieved.

Our proposal has four advantages:

1. The word-length problem is not encountered. Note that the counter E and B can also be implemented such that the counting is done byte-wise instead of bit-wise.  

2. The decoder complexity is lowered, since there is no further need for a counter-based control mechanism in the decoder.

3. There is the possibility to adapt the critical ratio R to the average number of bits per MB measured at the end of the encoding cycle for each single slice/frame. For instance, for a low number of bits/MB, we would allow for a high ratio R, since in that case, the arithmetic decoder has a low part of the overall complexity budget. In that way, the problem of loss in coding efficiency at low bit-rates is solved. 

4. Our proposal can also significantly reduce the bit-rate on some networks because the extra zero-stuffing bits don't really need to be sent at all (instead on some networks one could just send an indication that the HRD should include these extra bits and not actually load the network with sending them).  

In summary, we have a bug fix that offers significant complexity reduction with a cleaner design and that, at the same time, provides a bit-rate quality improvement.

Detailed description of the method:

Insert

Change rbsp_trailing_bits( ) in slice_layer_no_partitioning( ), dpa_layer( ), dpb_layer( ), dbc_layer( ) to rbsp_slice_trailing_bits( )

7.3.2.10 RBSP slice trailing bits syntax

	rbsp_slice_trailing_bits( ) {
	Category
	Descriptor

	
rbsp_stop_bit  /* equal to 1 */
	All
	f(1)

	
if( entropy_coding_mode  = =  1 )
	
	

	

while( next_bits( )  = =  '1' )
	
	

	


rbsp_stop_bit  /* equal to 1 */
	All
	f(1)

	
while( !byte_aligned( ) )
	
	

	

rbsp_alignment_bit  /* equal to 0 */
	All
	f(1)

	}
	
	


Semantics

As for rbsp_trailing_bits(), except:

When entropy_coding_mode is equal to 1, the number of bins resulting from decoding the contents of the NAL unit shall not exceed 2*NumBytesInEBSP.

Detailed description of the method to determine the number of inserted rbsp_stop_bit for CABAC entropy coding mode:

1.) Start_encode:


In the encoder, at the beginning of a slice, the arithmetic coding engine is initialized. The index CL pointing to the current position of the bit stream is stored in a register CW=CL.; in addition two counters E and EB are initialized: 

E=0;
EB=0;

2.) Encode_symbol:


After encoding a symbol, the counter EB is incremented by one: 

EB++;

3) RenormE:


In the renormalization procedure RenormE, each time a new byte of compressed data is written, the following procedure is done:

while (EB>7)
{
 
EB(=8;
 
E++;
}


4) Terminate_encode:


After the arithmetic encoder has been terminated, such that the last pending bits have been written, the number of written bits is determined by CW=8*(CL(CW+1). Given the number of encoded binary decisions by EB=8*E+EB and the number of macroblocks number_of_MB_per_slice of the slice, the following procedure is done:

EB=(EB>>2);
if(CW>=4*number_of_MB_per_slice)
{
 
if(EB>CW)
 

for(i=0;i<EB-CW-1;i++)
 


putbits(“0”);


putbits(“1”);
}

3 Experimental Results

Experiments were carried out to demonstrate the performance of the proposed changes relative to the original CABAC coding scheme of the CD. The detailed results of these experiments can be found in the Excel-document JVT-D019.xls. For our experiments, we implemented the proposed scheme into the test model, software version JM2.1. 

The experiment was performed using the official test set of QCIF- and CIF-sequences. Coding parameters were chosen according to the common test conditions. For our evaluation, no B-frames were used and motion vector resolution was restricted to quarter-pixel accuracy. R-D optimization has always been enabled. 
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The average bit-rate changes (for the test set) of the proposed cleanup relative to the original CABAC design are depicted in Table 1. The bit-rate changes for the single sequences and QPs can be found in the accompanying Excel-document. 

4 Conclusions

The proposed technical changes are intended to provide a cleaner design of the CABAC entropy coding mode and to significantly reduce the complexity. Experimental results have shown that there is no negative impact on the coding efficiency due to the proposed changes. In fact, it could be observed that the proposed cleanup leads to a small gain in overall coding efficiency. In addition, the CABAC description has been re-organized in order to improve readability, conciseness and consistency. 
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Figure � SEQ Figure \* ARABIC �1�: Probability states and transition rules as defined in the current CD





Figure � SEQ Figure \* ARABIC �2�: Probability states for the new proposed arithmetic coding engine 





Figure � SEQ Figure \* ARABIC �3�: Performance comparison of constrained and unconstrained arithmetic coding
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Table � SEQ Table \* ARABIC �1�: Bjontegaard delta bit-rate changes in % for the QP-range = 16,20,24,28 for whole sequences and the first intra frames, CABAC-cleanup compared to CABAC-CD (negative values reflect a bit-rate increase)
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