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1 Introduction
We propose a new 2D-VLC encoding scheme for high-bitrate (small QP). Basic idea of this technique has already proposed at 1st JVT meeting as VCEG-O27. In Technical change from VCEG-O27 is only introducing is_level_not_scaled flag to indicate level scaling.
We show that the proposed scheme reduce bits about 4-7% at QP = 2 for I-pictures and about 1-2% bit saving is achieved at QP = 2 for P-pictures.

2 Proposed Method
2.1 Basic Idea
If QP is small, absolute value of quantized coefficients become large. In that situation, VLC table that includes codes for combinations of Run and Level for 2D-VLC, may not suitable. That is, average run length become shorter and average level size becomes larger than that of large or medium QP size.

Our purpose is to improve 2D-VLC coding efficiency by modifying VLC table, that is optimised for small QP and depends on the numbers of uncoded quantized coefficients in the block. We have developed the following three methods.

1) Level scaling 2D-VLC table design

2) position adaptive 2D-VLC table design

3) inverse order zigzag scanning

These methods do not need extra memory to store new 2D-VLC table because each code can be arithmetically calculated by referring original VLC table.

2.2 Level scaling 2D-VLC table design

For small QP size, larger absolute level value occurred more frequently than for medium or large QP size. Therefore, it is better to assign shorter codes for combination of large absolute level value and short run by sacrificing codes for combination of small absolute level value and long run.

To achieve this by simple arithmetic operation,  we assign ( Level, Run ) event to code number

2 * { code2DVLC(Level/2, Run) - Level modulo 2 } + 1
for Level > 0

2 * { code2DVLC(Level/2, Run) - Level modulo 2 }
for Level < 0

where code2DVLC(Level, Run) function gives code number of (level, run) event. Figure 1 shows the scaled table, that is converted from the original Tcoeff_chrom_DC table of TML9.0.
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Figure 1: Scaled table for Tcoeff_chrom_DC. 

2.3 Position adaptive 2D-VLC table design

VLC codes of (Level, Run) events have never used if Run is greater than the number of uncoded quantized coefficients in the target block. Therefore, we can optimize 2D-VLC table by eliminating these (Level, Run) events depending on the number of uncoded quantized coefficients (Nuncoded) in the target block.

However, changing the table depending on Nuncoded may raise implementation complexity. To reduce it, we introduce the following two constraint.

1. 2D-VLC table consists of two part, the irregularly ordered part (table look up VLC part) which is located on the top of table, the regularly ordered part by simple arithmetic operation which is located on the bottom of the table.  We modify the regularly ordered part only in the table
.

2. By eliminating the (Level Run) events of Run > Nuncoded, values of Run appear in the table from 0 Nuncoded -1. However we need multiplication or division operation to calculate the regularly part if Nuncoded is not powers of 2. Therefore we eliminate the (Level Run) events of Run > MaxRun only, where MaxRun+1 means the minimum integer of powers of 2 not less than Nuncoded. 

Figure 2 shows the position adaptive 2D-VLC table, that is converted from the original Tcoeff_chrom_DC table of TML9.0.
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                    MaxRun = 3                 MaxRun = 1             MaxRun = 0

Figure 2: Position adaptive 2D-VLC table for Tcoeff_chrom_DC. 

2.4 Inverse order zigzag scanning

By introducing position adaptive 2D-VLC, we can encode (Level, Run) event with shorter codes if Nuncoded is large, and its reduction performance is more efficient for the event that has large code number. Usually the event having large code number occurs at the quantized coefficients corresponding to low frequency. Therefore, we can reduce bits to encode (Level, Run) events by reordering from high frequency to low frequency order before 2D-VLC.

Encoding step becomes as follows.

1. List up (Level, Run) events by using trivial zigzag scanning order from low frequency to high frequency. Then, get (Level1, Run1), (Level2, Run2), (Level3, Run3), (Level4, Run4),…, (Level n-2, Run n-2), (Level n-1, Run n-1), (EOB, 0).
2. Reordering events from high frequency to low frequency order. The, get (Level n-1, Run n-1), (Level n-2, Run n-2),…, (Level4, Run4), (Level3, Run3), (Level2, Run2), (Level1, Run1), (EOB, 0).
3.  Encode the reordered events using the position adaptive 2D-VLC table.

Figure 3 shows examples of the original and the inverse order zigzag scanning for encoding luminance block. In this example, event is represented as (Level, Run, UVLC) and both scanning method use position adaptive 2D-VLC.
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Figure 3: Example of inverse order zigzag scanning. 

2.5 Syntax Changes to TML9.0

Generally speaking, the proposed level scaling scheme works better with small QP size and worse with large QP than TML9.0. However, a decision whether the proposed scheme works better or worse than TML9.0 deeply depends on its sequence.

Therefore, we introduce a new flag is_level_not_scaled just after picture type syntax element, which is encoded using UVLC.


if (is_level_not_scaled == ‘1’)



level scaling is not used for this picture


else



level scaling is used for this picture
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Figure 4: Syntax diagram for all the elements in the video bitstream. 

3 Simulation

3.1 Conditions of Simulation

In order to confirm the effectiveness of the proposed method, we have implemented the proposed methods into TML9.0 software and compared it with TML9.0.

Simulation conditions are the same as VCEG-N81 (recommended simulation common condition) except QP as follows:

· Software version: TML9.0.
· Motion estimation and mode selection: High complexity mode.
· QP: 2, 4, 6, 8, and fixed for all over sequence.

· Picture coding type:  IPPPPP for P-picture simulations, IIIIII for I-picture simulations.

· Number of reference frames: 5 frames.
· The motion vector search range: 32 pels.

· Motion compensation: 1/4-pel accuracy for QCIF, 1/8-pel accuracy for CIF.

· Other coding options: using Hadamard, no CABAC, and no slice structure.

· Test sequences: see Table 1. 

Table 1: Test seaquances.

	Frame Skip
	2
	1
	0

	Sequences
	Container, QCIF,300
News, QCIF,300
Foreman, QCIF,300
	Paris, CIF,300
Silent Voice, QCIF,300

	Mobile CIF 300
Tempete CIF 260


For convenience, we define the following abbreviations.
	Original:
	Original TML9.0.

	Scl:
	Level scaling is used.

	Pos:
	Position adaptive 2D-VLC is used.

	Pos_Inv:
	Position adaptive 2D-VLC and inverse scanning are used.

	Scl_Pos_Inv:
	Level scaling, position adaptive and inverse scanning are used.


3.2 Simulation Results
As performance of the proposed methods are depends QP, we calculate avsnr using each successive two points on the RD-curves. That is, we get 3 avsnr values for each RD-curves by using points of QP = 2 and 4, using points of QP = 4 and 6, and using points of QP = 6 and 8, respectively

From Figure 5 to Figure 11 shows bit savings for I-picture and P-picture compared to TML9.0, which are calculated using avsnr software. From these result, it is obvious that the proposed scheme improves more coding performance at small QP ( high bitrate ) and the rate of reducing bits depends on test sequence. For I-picture, about 7% bits can be reduced for ‘Mobile’, and about 5% bits can be reduced for ‘News’ and ‘Paris’. For P-picture, about 2% bits can be reduced for ‘News’ and ‘Tempete’.

For I-picture, Scl_Pos_Inv shows the best performance for all sequence. For P-picture, Scl and Scl_Pos_Inv show the worst performance for some sequences; however, Pos_Inv always shows better performance than TML9.0.
3.3 Study of Results

Level scaling works better if there are many large Level and short Run quantized coefficients. Position adaptive 2D-VLC and inverse order scanning work better if there are many non-zero quantized coefficients. Both situations occur by using small QP. Further more, bits for encoding quantized coefficients dominate for small QP while bits for encoding motion vector dominate for large QP. This is the reason why our scheme shows better performance for small QP.

Level scaling contributes much than the other proposed method, however its performance deeply depends on QP and sequence. Sometimes, as shown in Figure 5(b), it may increase many bit rates. Position adaptive 2D-VLC and inverse scanning always work well. Therefore we introduce is_level_not_scaled flag to switch enabling or disabling only level scaling. 

4 Conclusion and Remarks
A new 2D-VLC coding scheme is proposed. It consists of level scaling method, position adaptive VLC method and inverse order zigzag scanning method. The proposed scheme needs only a slightly computational overhead compared to original TML 9.0. By simulation results, the proposed scheme reduce bits about 4-7% at QP = 2 for I-pictures, and about 1-2% bit at QP = 2 for P-pictures. Therefore we proposed to this scheme is incorporated into the next TML.
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Figure 5: Bit savings for ‘Continaer’.
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Figure 6: Bit savings for ‘News’.
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Figure 7: Bit savings for ‘Foreman’.
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Figure 8: Bit savings for ‘Silent’. 
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Figure 9: Bit savings for ‘Paris’.
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Figure 10: Bit savings for ‘Mobile’.
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Figure 11: Bit savings for ‘Tempete’.
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� We modify table look up VLC part for MaxRun = 0 case, because the table is very simple that has Run = 0 code only. 
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