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Summary

We propose two modifications to CABAC, which further improve coding efficiency in comparison to UVLC. 

The first modification concerns the coding of transform coefficients. The experimental results show that this modification increases the bit-rate savings of CABAC in comparison to UVLC by additional 1-3 %. These additional gains provide overall bit-rate savings for CABAC in comparison to UVLC of about 12 % for INTRA coding and 9.5 % for INTER coding within the test set and high QP values (QP=16,20,24,28). These bit-rate savings are further increased towards lower or higher QP values. At lower QP values (QP=0,4,8,12) the bit-rate savings are about 21 % for INTRA coding and 16 % for INTER coding. At QP=32, the bit-rate savings are 11 % for INTRA coding and 12 % for INTER coding. Within the test set, most gains are achieved for sequences that require large bit-rates, such as Tempete, Mobile, Flower Garden, which are 14 % for INTRA coding and 12 % for INTER coding for QP=16,20,24,28 with further increased gain of up to 33 % at QP=0.

Additional simulations with the set of interlaced test sequences showed that for this type of sequences, average overall bit-rate savings from 15 % (QP=32-20) to 26 % (QP=0) are obtained in comparison to UVLC.

The second modification is a minor change of the macroblock type encoding in B-frames. It introduces the SKIPPED macroblock into the set of B-frame macroblock modes for CABAC as it has been already done for the UVLC. This modification unifies the process of macroblock type encoding for both schemes. Substantial coding gains for B-frames are achieved for sequences with low motion. 

1. Improved Coding of Transform Coefficients with CABAC

We propose a new scheme for the coding of transform coefficients with CABAC, which further improves the coding efficiency compared to the CABAC version of WD2 [1], especially for INTRA-frames. The differences to the current CABAC version can be summarized as follows:

· The simple single scan is used for all blocks of transform coefficients including the luminance blocks for the INTRA-4x4 mode.

· The syntax elements COEFF_COUNT and RUN are replaced by a one-bit symbol CBP4 and a significance map.

· The levels are encoded in reverse scanning order.

· The context modeling is changed for all syntax elements related to transform coefficient encoding.

Figure 1 illustrates the new coding scheme. Firstly, a one-bit symbol called CBP4 is transmitted for each block of transform coefficients unless the CBP (on macroblock level) indicates that the regarded block has no non-zero coefficients. This CBP4 symbol is one, if there are any significant coefficients inside the block. If it is zero, no further information is transmitted for the block; otherwise a significance map specifying the positions of significant coefficients is encoded. Afterwards, the absolute value as well as the sign is encoded for each significant transform coefficient. These values are transmitted in reverse scanning order. A more detailed description of the encoding process is given in section 1.1. In section 1.2, the context modeling is discussed. 
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 Description of the coefficient encoding process

1.1.1 Scanning of transform coefficients

In contrast to the WD2 [1], where a double scan is used for transmitting the luminance blocks coded in INTRA-4x4 mode, we propose to use the simple single scan (zig-zag scan) for all block types including the luminance blocks coded in INTRA-4x4 mode. 

1.1.2 CBP4

CBP4 is a one-bit symbol, which indicates if there are significant (non-zero) coefficients inside the regarded block of transform coefficients. If the CBP4 is zero, no further information is trans​mitted for the block.

1.1.3 Significance map

If the CBP4 indicates that a block has significant coefficients, a significance map is encoded. For each coefficient in scanning order, a one-bit symbol (SIG) is transmitted. If the SIG symbol is one, that is, if a non-zero coefficient exists at this scanning position, a further one-bit symbol (LAST) is sent. This symbol indicates if the current significant coefficient is the last one inside the block or if further significant coefficients follow. 

Figure 2 shows two examples for the proposed significance map encoding. The significance information (SIG, LAST) for the last scanning position of a block is never transmitted. If the last scanning position is reached and the significance map encoding was not already terminated by a LAST-symbol of one, it is obvious that the last coefficient has to be significant (see yellow marked position in Figure 2). 
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Figure 2: Two examples for encoding the significance map (the yellow marked symbols are not transmitted)

1.1.4 Level Information

The encoded significance map determines the positions of all significant coefficients inside a block of quantized transform coefficients. The values of the significant coefficients (levels) are encoded by two coding symbols: ABS (representing the absolute value), and SIGN (representing the sign). While SIGN is a one-bit symbol (1 for negative coefficients), a unary binarization scheme (see Table 1) is used for encoding the absolute values of the coefficients. The levels are transmitted in reverse scanning order (beginning with the last significant coefficient of the block); this allows the usage of more reasonable contexts.

Table 1: Unary binarization for absolute values of quantized transform coefficients (ABS)
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1.2  Context determination

In JVT coding, there are 12 different types of transform coefficient blocks with different statistics of transform coefficients (left column of Table 2). However, for most sequences and coding conditions some of the statistics are very similar. To keep the number of contexts used for coefficient coding reasonably small, the block types are classified into 5 categories as specified in the right column of Table 2. For each of these categories, a separate set of contexts is used.

Table 2: Basic block types with number of coefficients and context types

	Block types
	# of coeff.
	Context Type

	Luminance DC block for INTRA16x16 mode
	16
	
0:
Luma-Intra16-DC

	Luminance AC block for INTRA16x16 mode
	15
	
1:
Luma-Intra16-AC

	Luminance block for INTRA 4x4 mode
	16
	
2:
Luma-4x4

	Luminance block for INTER mode
	16
	

	U-Chrominance DC block for INTRA mode
	4
	
3:
Chroma-DC

	V-Chrominance DC block for INTRA mode
	4
	

	U-Chrominance DC block for INTER mode
	4
	

	V-Chrominance DC block for INTER mode
	4
	

	U-Chrominance AC block for INTRA mode
	15
	
4:
Chroma-AC

	V-Chrominance AC block for INTRA mode
	15
	

	U-Chrominance AC block for INTER mode
	15
	

	V-Chrominance AC block for INTER mode
	15
	


1.2.1 Context determination for CBP4

For encoding the CBP4 bit, four different contexts are used for each of the five categories specified in Table 2. The context number for the current block C is determined by


ctx_number_cbp4 (C) = CBP4 (A) + 2 ( CBP4 (B),

where A and B represent the corresponding blocks of the same type to the left and on the top of the regarded block C (see Figure 3). Only blocks of the same type (left column of Table 2) are used for context determination. If a neighboring block X (A or B) is positioned in a different slice, or if no neighboring block X of the same type exist (e.g. because the current block is INTRA-coded while the neighboring block X is INTER-coded), the corresponding CBP4(X) value is replaced by a default value. If the current block is coded in an INTRA-mode, a default value of 1 is used; otherwise, a default value of 0 is used. So, while all twelve block types (left column of Table 2) are distinguished for determining the context number, only five different sets of contexts (each for one category specified in the right column of Table 2) are used for encoding the CBP4 symbol. This results in a total number of 20 contexts for the CBP4 bit.
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Context determination for significance map encoding

For encoding the significance map, up to 15 contexts (depending on the block type category) are used for both the SIG and the LAST symbols. The context numbers are given by the corresponding scanning position, i.e. for a coefficient coeff[i], which was scanned at the i-th position, the contexts are chosen as follows:


ctx_number_sig (coeff[i]) = ctx_number_last (coeff[i]) = i.

For each category of block types, we use number_of_coefficients-1 different contexts. This gives a total number of 61 contexts for both the SIG and the LAST symbol.

1.2.3 Context determination for level encoding

The absolute value of the significant coefficients is encoded using the uniform binarization depicted in Table 1. Here we use two different sets of contexts, one for the first bin (marked orange in Table 1), and another one for all remaining bins of the binarization:


ctx_number_abs_1bit  = (coeff>1 transmitted ? 4 : max (3, number of coeff=1 transmitted))


ctx_number_abs_rbits = max (4, number of coeff>1 transmitted)     

The level information is transmitted in reverse scanning order. The context for the first bin of the absolute values is determined by the number of successive coefficients (in reverse scanning order) having an absolute value of 1. If more than three coefficients have an absolute value of 1, context 3 is always chosen. When a coefficient with an absolute value greater 1 is encoded, context 4 is used for all remaining coefficients of the regarded block. 

All remaining bins of the absolute value are encoded using the same context. It is determined by the number of transmitted coefficients with an absolute value greater than 1 (in reverse scanning order); the maximum context number is restricted to 4. Figure 4 shows two examples of the context determination for encoding the absolute values of significant coefficients.
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Figure 4: Examples of context determination for encoding the absolute value of significant coefficients. The level information is transmitted in reverse scanning order.

For the sign of significant coefficients, just one context is used per category of block types. Thus the total number of contexts for encoding the level information is 54 (for the chroma DC blocks, there are only 4 different contexts for the “remaining” bins of the absolute value, since at maximum 4 coefficients are transmitted).

2. Revised Coding of Macroblock Types in B-frames 

In the current working draft [1], the coding of the macroblock type in B-frames differs for UVLC and CABAC. While in UVLC coding, a SKIPPED B-frame macroblock (Direct mode with CBP=0) is signaled by a single syntax element (RUN), it has to be coded by a combination of macroblock type and CBP if CABAC is used. This is disadvantageous for sequences containing low or linear motion, like Container Ship or News. In order to eliminate this disadvantage and to unify the macroblock type encoding in B-frames, we propose to introduce a separate macroblock type for SKIPPED macroblocks in CABAC. A SKIPPED macroblock is now transmitted by a single bin of 0, while all other macroblock types are encoded as before with the exception that a single bin of 1 is added to the beginning of the binarization (see Table 3: only the orange marked regions are added in comparison to the current working draft [1]).

Table 3: Binarization for B-frame macroblock types

	Macroblock Mode
	1. block
	2. block
	Binarization

	Direct (CBP=0)
	
	
	0
	
	
	
	
	
	
	

	Direct
	
	
	1
	0
	
	
	
	
	
	

	16x16
	Forw.
	
	1
	1
	0
	0
	
	
	
	

	16x16
	Backw.
	
	1
	1
	0
	1
	
	
	
	

	16x16
	Bidirect.
	
	1
	1
	1
	0
	0
	0
	0
	

	16x8
	Forw.
	Forw.
	1
	1
	1
	0
	0
	0
	1
	

	8x16
	Forw.
	Forw.
	1
	1
	1
	0
	0
	1
	0
	

	16x8
	Backw.
	Backw.
	1
	1
	1
	0
	0
	1
	1
	

	8x16
	Backw.
	Backw.
	1
	1
	1
	0
	1
	0
	0
	

	16x8
	Forw.
	Backw.
	1
	1
	1
	0
	1
	0
	1
	

	8x16
	Forw.
	Backw.
	1
	1
	1
	0
	1
	1
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	16x8
	Backw.
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	1
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	1
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	8x16
	Backw.
	Forw.
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	0
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	1
	1
	1
	1
	1
	1
	1
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	1
	1
	1
	1
	0
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For the first bin of the binarization three different context models are used. The context determination is similar to that of SKIPPED macroblocks in P-frames:


ctx_number_mbtype_1bin (C) =  (A==SKIPPED ? 1 : 0) + (B==SKIPPED ? 1 : 0),

where A and B denote the neighboring macroblocks to the left and on top of the current macroblock C (see Figure 3). For all remaining bins the same context determination rules are applied as specified in the current working draft.

3. Experimental Results

The experimental results related to our proposal can be found in the Excel-document JVT-C060.xls. For our experiments, we implemented the proposed scheme using the current test model, software version JM1.9. 

The first experiment was performed using a test set of QCIF- and CIF-sequences, which consists of the official test set and an additional sequence (Flowers & Garden, CIF, 30Hz). Coding parameters were chosen according to the common test conditions. For the evaluation of the improved coding scheme for transform coefficients, no B-frames were used and motion vector resolution was restricted to quarter-pixel accuracy. R-D optimization has always been enabled. This causes the PSNR values to differ for different entropy coding method. For this reason the bit-rate savings have been calculated via cubic spline interpolation at the Y-PSNR values given by the JM1.9 encoding using UVLC.

The average bit-rate savings (for the test set) of the proposed CABAC and the original CABAC (JM19 software version) relative to the UVLC coding are depicted in Figures 5 and 6. The bit-rate savings for the single sequences can be found in the accompanying Excel-document. Performance gains are obtained for both INTRA and INTER coding. For pure INTRA coding, the performance improvements in comparison to the current CABAC version are in the range of about 1-3%, while additional bit-rate savings of approximately 0-2% could be obtained for INTER-frames.

In a second experiment, the performance of the improved CABAC entropy coding method was analyzed for the set of interlaced sequences specified in VCEG-N85 [2]. Only the sequences with half horizontal resolution have been used. The common test conditions as specified in VCEG-N85 [2] and VCEG-N81 [3] are followed with some exceptions that will be explained below. The interlaced sequences have been coded using field pictures. (Each interlaced picture has been decomposed into two field pictures.) The following sequence structures have been adopted:

25 Hz sequences:
IB|BB|BB|PB|BB|BB|PB|BB|BB|PB|BB|BB|  IB|BB|BB|PB|BB|BB|PB|…

30 Hz sequences:
IB|BB|BB|PB|BB|BB|PB|BB|BB|PB|BB|BB|PB|BB|BB|   IB|BB|BB|PB|…

An Intra field is inserted every 500 milliseconds. Multi-frame prediction has not been used for the experiment. Thus, just one field picture is used as reference for motion compensation. This encoding option is not realistic; but if B-pictures are inserted, the JM1.9 software cannot be configured in a way that both fields of an interlaced frame can be used as reference for motion compensation. Nevertheless, the obtained coding gains for the improved CABAC entropy coding method should be realistic for the regarded type of sequences. Motion compensation is always performed with ¼ pixel accuracy. The motion search is conducted in a range of [‑32…32]x[‑32…32] pixels. R-D optimization was enabled. As in the first experiment, bit-rate savings have been calculated via cubic spline interpolation at the Y-PSNR values given by the JM1.9 encoding using UVLC.

The quantizer value QP is held constant for all I- and P-pictures of a sequence. Quantizer values of QP=32, 28, 24, 20, 16, 12, 8, 4, and 0 are used. The quantization parameter for B-pictures is set to QP(B)=QP(P)+2, where QP(P) is the quantization parameter for I- and P-pictures. The accompanying Excel document contains bit-rate saving plots for all test sequences. In Figure 7, the average bit-rate savings for the set of interlaced sequences are depicted over the quantization parameter QP. The presented results show that CABAC significantly improves the rate-distortion efficiency for the specified set of interlaced sequences. On average, about 14-26% of the bit-rate can be saved. 

The third experiment evaluates the improved coding performance for B-frames, which is obtained by introducing the SKIPPED macroblock type to the set of macroblock modes used by CABAC for B-frames. For this experiment, the sequences of the official test set have been used. Two B-frames have been inserted between successive P-frames. Figure 8 shows the bit-rate savings that have been obtained for B-frames with the new method in comparison to the original CABAC version. It can be seen, that especially for sequences with low motion (Container ship, News) substantial coding gains are obtained at low bit-rates by introducing the additional macroblock type for B-frames in connection with CABAC entropy coding.
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Figure � SEQ Figure \* ARABIC �1�: Proposed scheme for encoding of transform coefficients
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Figure � SEQ Figure \* ARABIC �3�: Context determination for CBP4





Figure � SEQ Figure \* ARABIC �6�: Average bit-rate savings (for the test set) relative to UVLC encoding for INTER frames.





Figure � SEQ Figure \* ARABIC �7�: Average overall bit-rate savings for the set of interlaced test sequences.





Figure � SEQ Figure \* ARABIC �5�: Average bit-rate savings (for the test set) relative to UVLC encoding for INTRA frames.





Figure 8: Rate savings for B-Pictures in comparison to the original CABAC (JM1.9) version.
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