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Abstract

This contribution proposes an entropy coding method for DCT coefficients in large transform block. Adding a flag to signal the last position of existence of DCT coefficient greater than one improves coding efficiency especially for noisy video contents. In this contribution, we applied this idea on the A124 software[1], which is the base code for TMuC software. Simulation results show that the proposed approach improves the conventional AVC/H.264 method for A, B and SHV sequences.
1 Introduction

It has been shown that most of CfP submissions in the Dresden meeting provide significant improvement in terms of coding efficiency compared to AVC/H.264[2]. One of the key elements to improve coding efficiency commonly proposed from many proponents was introducing large transform blocks. For smooth region, which can be described as homogeneous texture patterns with little variation, a large transform has several advantages such as better energy compaction and reduced quantization error. In the TMuC software[3], large transform blocks up to 64x64 size has been adopted with large intra and MC block structures.
The entropy coding method used in AVC/H.264 for CABAC is designed for quantized transform coefficients for small block sizes such as 4x4 or 8x8, and as such does not yield adequate performance in larger transform block cases.
In this contribution, we observe the characteristics of the distribution of Transform coefficients depending on the size of transform block first, then propose an entropy coding method according to the observation.
2 Distribution of Transform coefficients

To observe the characteristics of the distribution of transform coefficients in scanning order, we performed an experiment using A124 software, which supports from 4x4 up to 64x64 transform. At first, Class A sequences are encoded using A124 with “–p 0” option (which means non-fundamental coding tools are disabled), and then average absolute value of transform coefficients at each scanning position for each transform block are obtained as shown in Figure 1-5. 
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Figure 1. Average absolute value of coefficients for 64x64 transform block

[image: image2.emf]0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1 129 257 385 513 641 769 897

scanning position

average absolute value


Figure 2. Average absolute value of coefficients for 32x32 transform block
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Figure 3. Average absolute value of coefficients for 16x16 transform block
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Figure 4. Average absolute value of coefficients for 8x8 transform block
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Figure 5. Average absolute value of coefficients for 4x4 transform block
  These results show that the distribution function of transform coefficients differs depending on the transform block size. One thing it is obvious is that the number of continuous high-frequency ±1 coefficients (Trailing Ones) in a large block in scanning order should be larger than that of small size transform block. Table 1 shows the average length of Trailing Ones for each block size at the same experiment.
Table 1  Average Length of Trailing Ones
	Transform block size
	Average length of Trailing Ones

	4
	13.53

	8
	9.99

	16
	6.41

	32
	3.57

	64
	2.39


Taking this into account, our approach is signaling the highest frequency position of the coefficient larger than 1 in absolute value in scanning order to represent Trailing Ones compactly.

3 Proposed entropy coding method
 Figure 6 illustrates an example of the proposed method for entropy coding of quantized transform coefficients comparing AVC/H.264 method. In AVC/H.264, positions of significant coefficients, which mean non-zero quantized coefficients, are signaled with LAST flag, and then absolute values and sign flags of each non-zero quantized coefficient are signaled using unary-exponential golomn binarization. In addition to the AVC/H.264 method, the proposed method signals Last More Significant (LMS) flag to indicate the highest frequency position of the quantized coefficients larger than 1 in absolute value. Higher than the frequency position of LMS flag, all non-zero coefficients must be ±1(Trailing Ones), and only sign flag is necessary to be signaled for these Trailing Ones. For example, the number of bins necessary to signal coefficients in a block is 80 for AVC/H.264 method and 73 for the proposed method.
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Figure 6  An example of proposed entropy coding comparing AVC/H.264 mothod
4 Simulation results
The proposed method has been implemented into A124 software that was made available to the group, since its stripped version has been adopted as code base for TMuC software and supports large transform block size up to 64x64. Table 2 shows test condition for our simulations.
Table 2  Test Condition
	Test sequence
	SHV sources [4], Class A, B sequences [5]

	GOP structure
	Hierarchical B, depth = 3

	Largest Coding Unit
	64x64

	CU partitioning depth
	4 levels

	QP
	5QP points determined per each sequence

	Options
	-p 0


We conducted 2 settings for each sequence, one is applying proposed method to transform block larger than 8x8 and the other is applying it to transform block larger than 16x16. Coding performance in BD-rate reduction is shown in Table 2. In this table, it can be found that the use of the proposed method outperforms the original method implemented A124 software which is almost equivalent to the one used in AVC/H.264. Especially, more gain can be observed for “Nebuta festival”, which has strong noise throughout the contents resulting higher number of large transform blocks selected. 
Table 3  Luma BD-rate
	Sequence
	Larger than 8x8
	Larger than 16x16

	Traffic
	-0.106
	-0.061

	PeopleOnStreet
	-0.152
	-0.036

	Kimono
	-0.435
	-0.592

	ParkScene
	-0.078
	-0.076

	Cactus
	-0.292
	-0.089

	BasketballDrive
	-0.496
	-0.152

	BQTerrace
	-0.057
	-0.048

	Steam locomotive train
	-0.263
	-0.287

	Nebuta festival
	-4.039
	-3.639

	Avarage
	-0.658
	-0.553


5 Conclusion
This contribution reported an approach for the entropy coding of transform coefficients in large block size. Our experimental results showed that performance of the proposed method improves coding efficiency especially for noisy video contents. We propose to establish tool experiment on this category for further evaluation of the proposed approach on common TMuC software, in order to study better test condition and to understand usefulness of its inclusion into formal test model.
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