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1 Summary
In this document, we propose new coding elements and new context models for improving coding efficiency of CABAC, both for inter and intra frame coding. This proposal combines ideas of earlier contributions. Simulation results show performance gains of up to 5.2% BD bit-rate savings relative to the current CABAC specification for intra coding. In the case of inter coding (IPPP) improvements of up to 2.4% BD bit-rate reduction relative to the original CABAC method have been obtained. 

2 Background

At the Pattaya meeting, four contributions for improving the coding efficiency of CABAC entropy coding were presented [2]-[5]. As a common element, all these proposals were addressing the issue of improving the coding efficiency of transform coefficients. This proposal contains the essential ideas of [2] and [4] together with some further enhancements. However, one major change in comparison to the prior design given in [2] consists in the underlying binarization scheme. Instead of proposing the usage of the exp-Golomb code tree as a unifying binarization scheme, we recombined the new coding methods for transform coefficients as presented in [2] with the unary binarization as defined in the current Joint Model (JM1) [1]. The choice of an optimal binarization is still an open issue, which (hopefully) will be addressed in a forthcoming proposal.

3 Description of Proposed Methods 

In this proposal a new coding scheme for transform coefficients within the CABAC entropy coding frame​work is presented, which is based on two central ideas. First, an additional coding element, called COEFF_COUNT is introduced, which denotes the number of non-zero coefficients in a given block, and the second main idea is to exploit the given inter-symbol redundancies in transform coding in a more efficient way by using appropriately defined context models. In addition, we propose a minor modification for the scan mode in intra coding such that for all QP values the double scan is used.
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Figure 1: Proposed new coding scheme for transform coefficients 
3.1 Coding of Coefficients by Using the Number of Significant Coefficients 

An additional symbol COEFF_COUNT indicating the number of significant coefficients in a given block, serves as a substitute for the EOB symbol in the following way: First, the number of non-zero coefficients COEFF_COUNT is encoded. Then, in a second step, RUN, LEVEL and SIGN of all non-zero coefficients are encoded. Figure 1 illustrates our new encoding scheme. Since the initially encoded COEFF_COUNT provides some additional information of a given block in advance, we can exploit this information in the subsequent coding steps, as described in more detail in the following sections. 

3.2 Context Modeling for Coding of COEFF_COUNT

For capturing the correlations between COEFF_COUNTs of neighboring blocks we use appropriately designed context models to further increase coding efficiency of the transform coding unit. More specifically, if A and B denote the COEFF_COUNTs of the corresponding blocks to the left and on top of a given block, respectively, then the context model ctx_coeff_count(C) of the current COEFF_COUNT symbol C is defined by ctx_coeff_count(C) = ((A==0)?0:1) + 2*((B==0)?0:1). Note that this context model is only applied to the first binary decision (bin) in the unary binarization tree associated to the COEFF_COUNT symbol.

3.3 Truncated Binarization for RUN 

For encoding the RUN, we exploit the information of the initially encoded COEFF_COUNT and all previously encoded RUN elements, as shown in the pseudo-C code of Figure 1. Here, we make use of the fact that, if the maximum number of a given syntax element is known in advance, we can restrict the binarization to a truncated code tree. Suppose, we have given 10 non-zero coefficients in a 4x4 single scan block. Then, at the beginning of the loop, it is known that the maximum RUN (MaxRun) is given by the 6, since in this particular case the maximum number of coefficients MaxCoeff is given by 16. Consequently, in the (very unlikely) event of RUN=6 at the beginning of the block, we can omit the terminating “1” in the unary binarization of RUN=6 (cp. Table 4, [1]).  However, by using the information given by previously encoded RUNs we can further adapt the MaxRun counter, which may lead to potentially shorter binarized codewords of subsequent RUN elements to encode. In some cases, where, for instance, coefficients are aggregated at the end of the scan path, signaling of zero-valued RUN elements is completely omitted. 

3.4 Context Modeling for Coding of RUN 

Context models for coding of RUN information depend on a threshold decision involving the coefficient counter, e.g. in 4x4 single scan inter coding mode, the context model ctx_run for luma is given by ctx_run = ((COEFF_COUNT) >= 4) ? 1 : 0. The idea behind this context design is that the COEFF_COUNT represents the activity of the given block, and that the probability distribution of the RUN symbol somehow depends on the activity of the block.
3.5 Context Modeling  for Coding of LEVEL
Context models assigned to a bin representing a given LEVEL depend on the previously encoded or decoded LEVEL within the block. More specifically, similar to the current design, the symbols are first classified based on coefficient/coding mode, and then the following context model is applied for bins of LEVELs:

Proposed Context Model for LEVEL

if (bin_nr>3) 

bin_nr=3;

end

if (Prev_level>MAX_LEVEL) 

prev_level=MAX_LEVEL;

end

context_nr = (bin_nr-1)*MAX_LEVEL+Prev_level,

where the Prev_level is initialized to zero at the beginning of each block and MAX_LEVEL=3. Note that for double-scan, this variable is initialized at the beginning of each scan, i.e., twice per block. In contrast to earlier proposals, this context model is also used for coding of LEVEL in inter frame mode.

3.6 Double Scan Always for CABAC Intra Mode
In the current Joint Model [1], the scan mode for intra coding depends on the QP value: for QP < 24, the double scan is used, whereas for the high QP(24 the single scan mode is employed. We examined both scan modes in the high QP range with respect to coding efficiency, and our results documented in the next section revealed that it is more beneficial for CABAC entropy coding to use double scan mode always, i.e., independently of the given QP value.
4 Experimental Results

The results are obtained by a modified version of TML 9.0 software that implements the proposed schemes. In the following we provide a summary of the results of the experiments while further results can be found in the Excel-document JVT-B101.xls. Below, the simulation results are summarized into three sets of results: Test A) and B) All the frames are encoded as I-frames. Test C) All frames except the first frame, which is an I-frame, are encoded as P-frames. The test conditions from VCEG-N81 were followed. 

	QP
	Container
	Foreman
	News
	Silent
	Paris
	Mobile
	Tempete 
	Average

	Low
	-3.97
	-4.50
	-3.57
	-5.17
	-4.26
	-5.22
	-5.06
	-4.53

	High
	-2.54
	-2.19
	-1.88
	-2.70
	-2.52
	-3.32
	-2.87
	-2.57


Table 1: Performance improvement (Bjontegaard Delta bitrate savings in %) w.r.t. CABAC (TML9.0) of new context models in CABAC Intra coding. QP = 2, 6, 10, 14 is used for low QP and QP = 16, 20, 24, 28 for high QP.

Table 1 illustrates the results of Test A, i.e., intra-coding. Here, the results are reported as improvements in Bjontegaard Delta bitrate savings in % w.r.t. TML 9.0 CABAC performance for low and high QP ranges. As can be seen from Table 1, the average performance improvements are between 3.57-5.22% and 1.88-3.32% for low and high QP ranges, respectively. The improvements are higher for smaller QP values. 

	QP
	Container
	Foreman
	News
	Silent
	Tempete
	Mobile
	Paris
	Average

	Very High
	-1.49
	-0.71
	-0.31
	-0.32
	-0.85
	-1.51
	-0.69
	-0.84


Table 2: Performance improvement (Bjontegaard Delta bitrate savings in %) for using double scan mode always in CABAC Intra coding. Performance gains are relative to our improved CABAC operated in single scan mode. QP = 24, 26, 28, 31 is used for the very high QP range.

Table 2 contains results for Test B, where the usage of double scan for the whole QP range was evaluated. As can be seen from Table 2, the improvements are in the range from 0.31-1.51% BD bitrate savings with an average of 0.84%. Note that these gains are relative to the improved CABAC operating in single mode as evaluated in Test A. 

	QP
	Container
	Foreman
	News
	Silent
	Tempete
	Mobile
	Paris
	Average

	Low
	-2.16
	-2.11
	-1.60
	-1.59
	-2.36
	-2.14
	-2.43
	-2.06

	High
	-1.31
	-1.00
	-0.92
	-0.23
	-0.92
	-1.14
	-0.98
	-0.93


Table 3: Performance improvement (Bjontegaard Delta bitrate savings in %) w.r.t. CABAC (TML9.0) of new context models in CABAC Inter coding. QP = 2, 6, 10, 14 is used for low QP and QP = 16, 20, 24, 28 for high QP.
Table 3 finally illustrates results of Test C, i.e., inter-coding, similar to the results illustrated in Table 1. As can be observed from , for inter frame coding, the improvements are between 1.59-2.43% for low QP and between 0.23-1.31% for high QP ranges. Again the improvements are higher for smaller QP values. It can also be noted that the gains for inter coding are lower than the ones observed in intra-coding case. 
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Figure 2: CABAC intra coding performance relative to UVLC: bitrate savings [%] versus QP obtained by original CABAC (JM1) and our proposed improved CABAC for “Mobile”.
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Figure 3: CABAC inter coding performance relative to UVLC: bitrate savings [%] versus QP obtained by original CABAC (JM1) and our proposed improved CABAC for “Mobile”.
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Count the  number of coefficients  of transform unit (COEFF_COUNT)







Encode COEFF_COUNT;







For (i = 0; i < COEFF_COUNT; i++)



Encode RUN[i];



Encode LEVEL[i];



Encode SIGN[i];







If  (i  ==  0)



MaxRun = MaxCoeff – COEFF_COUNT;







If  (MaxRun  >  0)



	Encode (RUN[i], MaxRun);







MaxRun = Max Run – RUN[i];







Encode RUN[i];












