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1. Introduction

At the Pattaya meeting, a new 2D-VLC encoding scheme for high-bitrate (VCEG-O27) was proposed and its possibility to improve coding efficiency at high-bitrate was demonstrated. JVT expressed their interest in the proposal and encouraged further work. We also take an interest in the results and evaluated the coding efficiency of the proposed techniques.

VCEG-O27 proposed the following three methods to improve coding efficiency of 2D-VLC.
1) Level scaling 2D-VLC table design

2) position adaptive 2D-VLC table design

3) inverse order zigzag scanning

We adopted the proposed methods to the H.26L TML9.0 software, and compared the coding efficiency with the original H.26L TML9.0. The results show that the proposed methods improve coding efficiency and further consideration will be expected to utilize the methods effectively.
2. Simulation Conditions

We defined the following five methods/combinations to evaluate the coding efficiency of each proposed method, and evaluate them separately.

1:  Original TML9.0 (Original)
2:  Original TML9.0 + Level scaling 2D-VLC table design (Original + Level)
3:  Original TML9.0 + position adaptive 2D-VLC table design (Original + Position)
4:  Original TML9.0 + position adaptive 2D-VLC table design + inverse order zigzag scanning 

(Original + Position + Inverse)

5:  Original TML9.0 + Level scaling 2D-VLC table design + position adaptive 2D-VLC table design 

+ inverse order zigzag scanning (Original + Level + Position + Inverse)

Simulation conditions are as follows. They are the same as VCEG simulation common condition (VCEG-N81) except for small QP values, which are needed to be small to evaluate the proposed methods.

· Software version: H.26L TML9.0.

· Motion estimation and mode selection: High complexity mode.

· QP: 2, 6, 10, 16, and fixed for all over sequence.
· Sequences: Foreman, News, Container, Silent Voice (QCIF), Paris, Tempete, Mobile (CIF).
· Frame rate: 10Hz (Foreman, News, Container), 15Hz (Silent Voice, Paris), 30Hz (Tempete, Mobile)
· Picture Coding Type: IIIIIIII (I-picture simulation) and IPPPPPPP (P-picture simulation)
· Number of reference frames: 5 frames
· The motion vector search range: 32pels
· Other coding options: use Hadamard, 1/4 pel accuracy MC for QCIF, 1/8 pel accuracy for CIF, no CABAC (Context-based Adaptive Binary Arithmetic Coding), no slice structure.
3. Simulation Results

From Figure 1 to 14 show R-D curves of 5 methods/combinations for I-picture only (IIII...) and P-picture (IPPP...). In each figure, we attached a magnified graph that can show the detailed results at small QP values.
Each methods/combinations provide improvement of coding efficiency at high-bitrate. In I-picture only coding, all of the methods and combinations show improvement. In P-picture coding, for few cases (depends on QP and/or sequence), the results tend to be worse than that of original TML. The results of the total combination (Original + Level + Position + Inverse) show the similar characteristics shown in VCEG-O27.
4. Conclusion

We have evaluated the methods to improve 2D-VLC encoding scheme for high-bitrate, proposed in VCEG-O27. The results support the argument in VCEG-O27, and show the possibility of the proposed methods. At the same time, the results show the necessity to avoid drawback on some encoding parameters and/or sequence characteristics. Further study should be encouraged to improve 2D-VLC encoding.
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              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 1: R-D curve of I-picture for Foreman
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              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 2: R-D curve of P-picture for Foreman
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              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 3: R-D curve of I-picture for News
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              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 4: R-D curve of P-picture for News
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              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 5: R-D curve of I-picture for Container
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              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 6: R-D curve of P-picture for Container
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              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 7: R-D curve of I-picture for Silent Voice
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              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6
Figure 8: R-D curve of P-picture for Silent Voice
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              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 9: R-D curve of I-picture for Paris

[image: image19.emf]35

36

37

38

39

40

41

42

43

44

45

46

47

0500100015002000

BitRate(Kbps)

PSNR Y (dB)

Original

Original+Level

Original+Position

Original+Position+Inverse

Original+Level+Position+Inverse

 [image: image20.emf]42.5

43.5

44.5

45.5

46.5

100014001800

BitRate(Kbps)

PSNR Y (dB)

Original

Original+Level

Original+Position

Original+Position+Inverse

Original+Level+Position+Inverse


              (a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 10: R-D curve of P-picture for Paris
[image: image21.emf]36

37

38

39

40

41

42

43

44

45

46

47

48

49

400080001200016000

BitRate(Kbps)

PSNR Y (dB)

Original

Original+Level

Original+Position

Original+Position+Inverse

Original+Level+Position+Inverse

 [image: image22.emf]44.5

45.5

46.5

47.5

48.5

11000120001300014000150001600017000

BitRate(Kbps)

PSNR Y (dB)

Original

Original+Level

Original+Position

Original+Position+Inverse

Original+Level+Position+Inverse


(a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 11: R-D curve of I-picture for Tempete                           
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Figure 12: R-D curve of P-picture for Tempete
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(a) QP=2, 6, 10, 16                                  (b) QP=2, 6

Figure 13: R-D curve of I-picture for Mobile                           
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Figure 14: R-D curve of P-picture for Mobile
JVT Patent Disclosure Form

	International Telecommunication Union
Telecommunication Standardization Sector
	International Organization for Standardization
	International Electrotechnical Commission  

	[image: image29.wmf]
	[image: image30.png]1S0
NS




	[image: image31.png]





Joint Video Coding Experts Group - Patent Disclosure Form
(Typically one per contribution and one per Standard | Recommendation)

Please send to:
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