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Abstract

The document proposes to support the alternate scan for field structured pictures in non-ABT coding. Note that the alternate scan is already supported in current H.264 specification when the ABT is used with a name of field scan. One of the purposes of this proposal is to harmonize the non-ABT coding case with the ABT coding with regard to the scanning. The experimental result with IPPP encoding interlaced video shows that bit rate reduction (BDBR) of up to 3.60% and 2.30% on average is possible by only letting the alternate scan usable in field pictures. It is recommended that the alternate scan be adopted to be used with non-ABT case in the baseline and X profiles.

1. Introduction
The current H.264 draft employs two transform tools: 4X4 integer transform and adaptive block-size transform (ABT) [1]. We note that the alternate scan is very useful especially in encoding interlaced video [2]. It has been already demonstrated that the alternate scan significantly improves coding performance for interlaced video encoded as field pictures [3]. The vertical discontinuity due to vertical sampling in interlaced-scan causes energy distribution more in the vertical direction, and it can be effectively utilized in entropy coding by scanning the quantized transform coefficients in alternate scan order.

According to the current H.264 Specification [1], when the ABT is in use, the transformed ABT blocks are subject to either zig-zag scan (frame mode) or alternate scan (it is referred as field scan in ABT) (field mode). If non-ABT transform (that is, 4X4 integer transform) is used, however, the current specification allows only the zig-zag scan. The document in previous meeting [2] already demonstrated that the alternate scan is an effective tool to be used also with the 4X4 transform in non ABT coding. This document presents experimental result of using the alternate scan for field-structured pictures when picture-level AFFC (Adaptive field frame coding) is ON. We propose that the alternate scan is used for field-structured picture, and the ordinary zig-zag scan is used for frame-structured picture.

Our experiments demonstrate that additional bit rate reduction (BDBR) of up to 3.60% and 2.30% on average is possible by only letting the alternate scan direction usable (IPPP) as proposed above

2. Different Scan Directions

The current H.264 Specification [1] supports interlaced video. Since its acquisition process is different from that of the progressive video, different handing reflecting the difference is important. As the first step of entropy coding, scanning process reads the transformed coefficients in a certain order to form a sequence of symbols, for example, (run, level) pairs, or sequences of run and levels. These symbols are then entropy-coded. The actual statistics of the generated symbols depends on a specific scan direction employed. The zig-zag scan direction in Figure 1 (a) covers the horizontal and vertical directions equally without any preference to either one. When it comes to a field-structure picture which has discontinuity in the vertical direction as a results of vertical sub-sampling due to interlaced-scan, a block is likely to have large or more non-zero transform coefficients in the vertical direction. In this case, the alternate scan Figure 1 (b) is more effective in entropy coding point of view since it prefers to cover more vertical frequency components than the horizontal one.

	0
	1
	5
	6
	
	0
	2
	8
	12

	2
	4
	7
	12
	
	1
	5
	9
	13

	3
	8
	11
	13
	
	3
	6
	10
	14

	9
	10
	14
	15
	
	4
	7
	11
	15


(a) Zig-zag scan        (b) Alternate scan

Figure 1. Zig-zag and alternate scan directions for 4X4 Blocks

The current H.264 specification [1] has the 4X4 (residual) transform in baseline and X profile; and the ABT (Adaptive Block-size Transform) in the main profile. When the ABT is used, it is possible to treat the interlaced video differently from the progressive one by using the alternate scan for field mode. When the 4X4 transform is used instead of ABT in the baseline and X profile, however, only the zig-zag scan direction in Figure 1(a) is allowed. Therefore, when it is necessary to encode interlaced video without ABT, coding performance degradation is expected due to poor handling of the discontinuity in vertical direction. This document proposes to support the alternate scan when the 4X4 integer transform is used in non-ABT case. We propose in this document that a field-structured picture uses the alternate scan; and a frame-structured picture uses the ordinary zig-zag scan.

3. Experiments

For the experiment of interlaced video coding with alternate scan, six test sequences in Table 1 are used according to the common test condition [4]. The software we have used is JM 4.0 codec. The non-ABT comparison is obtained with JM 4.0 under CAVLC and picture-level adaptive field/frame coding = ON. We have carried out two experiments: P-pictures only (IPPP) and with B pictures (IBBP) also. In each experiment, we also show additional result when the alternate scan is used both for field and frame pictures. In all experiments, only the very first picture is intra-coded, and the first intra picture is excluded in calculating the bitrate and PSNR. The coding performance gain of using alternate scan direction is made against the case using only the zig-zag scan in the baseline. Note that the transform is always 4X4 integer transform since it is for non-ABT cases. All the detailed experimental results are compiled in JVT-E107.xls.

Table 1. Test sequences for interlace video coding experiment

	Sequence Name
	Full Resolution 4:2:0 Coding
	Frames/ sec
	#frames

	Canoa Valsesia
	720x576
	25
	210

	F1 car
	720x576
	25
	210

	Rugby
	720x576
	25
	210

	Tempete
	720x480
	30
	250

	Football
	720x480
	30
	258

	Bus
	720x480
	30
	150


Table 2. Common test condition

	MV resolution
	1/4 pel

	Hadamard
	ON

	RD optimization
	ON

	Search Range
	(16

	Restrict Search Range
	2 (no restrictions)

	Reference Frames
	2(P), 1(B)

	Symbol Mode
	UVLC (CVLC)

	GOP structure
	IPPP or IBBP

	QP
	QP=28,32,36,40

	Adaptive Field/Frame Coding
	Picture-Level


In the following tables, bit reduction ratio and PSNR gain are evaluated in terms of the Bjontegaard-Delta Bit rate and Bjontegaard-Delta PSNR(positive value of BDBR indicates bit rate saving).

Table 3. Performance gain due to alternate scan over JM4.0: CAVLC (IPPP)
	
	Alternate scan only for field picture
	Alternate scan for frame/field picture

	
	BDBR[%]
	BDPSNR[dB]
	BDBR[%]
	BDPSNR[dB]

	Canoa
	3.60 
	0.18 
	3.85 
	0.19 

	F1car
	2.04 
	0.08 
	2.22 
	0.09 

	Rugby
	2.97 
	0.14 
	2.88 
	0.14 

	Bus
	2.94 
	0.14 
	3.19 
	0.15 

	Football
	2.01 
	0.08 
	2.01 
	0.08 

	Tempete
	0.26 
	0.01 
	2.43 
	0.09 

	Average
	2.30 
	0.11 
	2.76 
	0.12 


Table 4. Performance gain due to alternate scan over JM4.0: CAVLC (IBBP)
	
	Alternate scan only for field picture
	Alternate scan for frame/field picture

	
	BDBR[%]
	BDPSNR[dB]
	BDBR[%]
	BDPSNR[dB]

	Canoa
	
	
	
	

	F1car
	
	
	
	

	Rugby
	
	
	
	

	Bus
	
	
	
	

	Football
	
	
	
	

	Tempete
	
	
	
	

	Average
	
	
	
	


(The data in this table will be available in r1 version)

Table 3 and 4 summarize the coding gains when the alternate scan is used for field pictures only and also for field & frame pictures under respectively IPPP and IBBP configurations. The gains are against JM4.0 which always uses only the zig-zag scan irrespective of picture structure. 

4. Conclusion
This document presented the benefit of using the alternate scan in encoding interlaced video by showing experimental result with the interlaced video for non-ABT case. The computer simulation carried out using the current JM4.0 codec with CAVLC demonstrated that additional bit rate reduction (BDBR) of up to 3.60% and 2.30% on average is possible by only letting the alternate scan direction usable for field picture. By noting that the alternate scan direction is effective in encoding interlaced video in non-ABT case, we like to recommend,

· to adopt the alternate scan to be used with non-ABT as well, and 

· to adopt the alternate scan to be used as an interlaced coding feature in the baseline and X profiles.

Proposed Specification Change

8.6
Transform coefficient decoding and picture construction prior to deblocking

This subclause specifies aspects related to transform coefficient decoding and picture construction.
8.6.1
Zig-zag scan and Field scan
The decoder maps the sequence of transform coefficient levels to the transform coefficient level positions. For this mapping, the scanning patterns are shown in Figure 8‑12 and Figure 8-13. The zig-zag scan is used for blocks decoded in frame mode. For the blocks decoded in field mode, the field scan is used.
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Figure 8‑12 – Zig-zag scan
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Figure 8‑13 – Field scan
In the case of 16x16 intra macroblocks, the coefficients of the 4x4 luma DC transform are scanned in the same scan order as ordinary 4x4 coefficient blocks. Then for each 4x4 block of luma coefficients with AC coefficients to scan, the 15 remaining coefficients are scanned by starting the zig-zag scan (frame mode) or field scan (field mode) at its second position.

The coefficients of the 2x2 chroma DC transform are scanned in raster order. Then for each 4x4 block of chroma coefficients with AC coefficients to scan, the 15 remaining coefficients are scanned by starting the zig-zag scan (frame mode) or field scan (field mode) at its second position.

If adaptive_block_size_transform_flag  = =  1, 4x4, 4x8, 8x4, and 8x8 luma coefficient blocks are scanned using zig-zag scans and field scans as specified in subclause 12.4.2.
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