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Abstract

The document proposes to allow other scan direction such as the alternate scan in addition to the current zig-zag scan order when the 4X4 residual transform is used in baseline profile. Note that more than one scan directions are already possible in current H.264 draft when the ABT is used in main profile. The experimental result with (IPPP) encoding interlaced video as the frame (and field) pictures and using the alternate scan with the 4X4 transform demonstrates that additional bit rate reduction (BDBR) of up to 8.64% and 6.15% on average is possible by only letting the alternate scan direction usable. It is recommended that the alternate scan be adopted in JVT to be used with the 4X4 integer transform as well in the baseline profile.

1. Introduction
The current H.264 draft scans the quantized 4X4 transform coefficients in the zig-zag direction before entropy coding of the context-adaptive variable length coding (CVLC) or the CABAC technique. When the ABT(Adaptive Block Transform) is not used, the scan direction of the quantized 4X4 transform coefficients is always in the zig-zag direction irrespective of the nature of picture type. From the experience of prior coding practices such as in MPEG-2, MPEG-4, and H.263, the current zig-zag scan direction is not the only choice, but some other scan directions can be more effective. A few examples are following: picture-level switching between the zig-zag and the, so called, alternate scan direction as signaled by one bit flag of “alternate_scan” in picture_coding_extension( ) in MPEG-2; or adaptive selection among alternate-horizontal, alternate-vertical, and zig-zag direction in H.263 Annex I. Note that even in the current H.264 draft [1], scan direction other than the zig-zag one is possible with regard to the ABT scheme, but not with the 4X4 residual transform in baseline profile. The transform coefficients obtained by the ABT are scanned either in progressive (which is extension of zig-zag direction according to different block size) or in interlaced (which is extension of the alternate scan direction according to different block sizes) scan direction. The choice is based on the type (progressive/interlaced) of video material.

We note that the alternate scan direction is very useful especially in encoding interlaced video. It has been already demonstrated that the alternate scan can improve coding performance significantly for interlaced video encoded as field pictures [5]. This document likes to demonstrate out that the alternate scan direction is also an effective tool to be used also with the 4X4 transform in the baseline profile, and it will be a viable functionality for an encoder to use the alternate scan direction as well if it seems to be beneficial.

Our experiments demonstrate that additional bit rate reduction (BDBR) of up to 8.64% and 6.15% on average is possible by only letting the alternate scan direction usable. The maximum bit rate reduction is obtained in coding interlaced video IPPP… under frame picture structure. When the interlaced video is encoded IBBP…, the BDBR gain is up to 8.66% and 6.11% on average.

Therefore it is recommended that the alternate scan be adopted in JVT to be used with the 4X4 integer transform in the baseline. This can be implemented in two ways: to include the “scan_direction” field in picture header (or equivalent) level which indicates a specific scan direction, or, to change semantics so that the alternate scan direction is used for interlaced pictures (this is possible without syntax change). Additionally, further investigation deems necessary on possibility of more performance gain by using different scan directions to best accommodate different coding conditions and contents. This will enhance the current performance of H.264 technology especially in encoding the interlaced video.

2. Different Scan Directions

The current H.264 draft can support interlaced video that consists of two fields (top and bottom fields). Since its acquisition process is different from that of the progressive video, different handing of the interlaced material reflecting the difference is important.

In entropy coding, scanning is the first process to read the transformed coefficients in a certain order to form a sequence of symbols, for example, (run, level) pairs. These symbols are entropy-coded. The actual statistics of the generated symbols depends on a specific scan direction. The zig-zag scan direction in Figure 1 (a) cover the horizontal and vertical directions equally without any preference to either one. When the top and bottom fields are interleaved together to form a frame picture, it is possible to have severe discontinuity in the vertical direction. It is very likely to happen especially when there is motion between the two fields. In this case, the transform coefficients are expected to have large or more non-zero values in the vertical direction, and other scan direction such as the so called, alternate scan direction in Figure 1 (b) is more effective in entropy coding point of view since it prefers to cover the vertical frequency components than the horizontal one.
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(a) Zig-zag scan        (b) Alternate scan

Figure 1. Zig-zag and alternate scan directions

The current H.264 draft [1] has two transform tools: the 4X4 (residual) transform in baseline 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 interlaced scan pattern. The coding scheme using the ABT has two different scan patterns: progressive scan (which is extension of zig-zag direction according to different block size) or interlaced scan (which is extension of the alternate scan direction according to different block sizes). The interlaced scan directions are shown in Figure 2.

When the 4X4 transform is used in the baseline profile, however, only the zig-zag scan direction in Figure 1(a) is allowed. Therefore, when it is necessary to encode interlaced video, large coding performance degradation is expected due to discontinuity in vertical direction. In this case, the alternate scan direction in Figure 1(b) can solve the problem. Additionally, if there are strong vertical frequencies, the alternate scan can also play its role. Therefore, alternate scan direction will be useful in those cases. This document proposes to use the alternate scan in JVT as well to be used with the 4X4 integer transform in the baseline profile.

For the JVT codec to use the alternate scan also (if there is better scan direction, we can also use that), there are two ways. One is to signal which scan direction is used by the encoder. This can be accomplished by signaling the “scan_direction” in picture level or its equivalent level. This involves defining a new syntax element. The other way is to change the understanding of “picture_structure”: When the code_number for the picture_structure is not 0 (that is, the picture is not progressive), the alternate scan is used. This takes no action of syntax change. Additionally, we think further investigation is worthwhile to study other scan directions such as alternate-horizontal direction can make any difference.
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	(a) 4X4 interlaced scan
	(b) 4X8 interlaced scan
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	(c) 8X4 interlaced scan
	(d) 8X8 interlaced scan


Figure 2. Interlaced Scan Direction In ABT

3. Experiments

For the experiment of interlaced video coding with alternate scan direction, following six test sequences in Table 1 are used according to the common test condition [2]. The software we have used is JM 2.1 codec and the test condition is summarized in Table 2. Since the JM2.1 codec does not have the context adaptive VLC (CVLC) [3], the context adaptive VLC (CVLC) method is implemented on top of the JM2.1.

Table 1. Test sequences for interlace video coding experiment

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

	Canoa Valsesia
	720x576
	25
	218

	F1 car
	720x576
	25
	218

	Rugby
	720x576
	25
	218

	Tempete
	720x480
	30
	258

	Football
	720x480
	30
	258

	Mobile
	720x480
	30
	258


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
	IPP or IBBP

	QP
	QPI=QPP=16,20,24,28; QPB= QPP +2


We have carried out two experiments: one is with P-pictures only (IPPP) and the other is with B pictures (IBBP) also. In both experiments, only the very first picture is intra-coded, and the first intra picture is excluded in calculating the bitrate and PSNR. The purpose of the experiments is to verify that coding gain is large when the interlaced video is encoded with using the alternate scan.

The coding performance gain of using alternate scan direction is made against the case using only the zig-zag scan in the baseline. The transform is always 4X4 integer transform since it is in the baseline. All the experimental results are compiled in JVT-D073r1.xls. In the following tables, bit reduction ratio and PSNR gain are evaluated in terms of the Bjontegaard-Delta Bit rate and Bjontegaard-Delta PSNR[4] (Positive value of BDBR indicates bit rate saving).

Table 3. Performance gain due to alternate scan over JM2.1: CAVLC & AFFC=ON (IPPP)

	
	BDBR (%)
	BDPSNR [dB]

	Sequence
	Only Frame
	Only Field
	Only Frame
	Only Field

	Canoa
	8.14
	5.41
	0.40
	0.29

	F1 car
	7.22
	1.81
	0.31
	0.09

	Rugby
	8.64
	4.60
	0.42
	0.23

	Football
	7.87
	3.38
	0.35
	0.14

	Tempete
	3.29
	5.05
	0.13
	0.22

	Mobile
	1.76
	3.75
	0.08
	0.18

	Average
	6.15
	4.00
	0.28
	0.19


Table 3 summarizes the coding gains when the test sequences are encoded as either frame or field structure with IPPP. The column with “only frame” indicates result with encoding all pictures as frame-structured. In the same way, the column with “only filed” indicates result with encoding all pictures as filed-structured. Note that alternate scan is used in either case.

Table 4 summarize the coding gains when the test sequences are encoded as frame structure with IBBP (The result with field-based coding will be provided later)

Table 4. Performance gain due to alternate scan over JM2.1: Frame-based coding (IBBP)

	sequence
	Canoa
	F1 car
	Rugby
	Football
	Tempete
	Mobile
	Average

	BDBR(%)
	8.04
	6.71
	8.66
	8.49
	3.23
	1.50
	6.11

	BDPSNR(dB)
	0.38
	0.26
	0.41
	0.36
	0.11
	0.06
	0.26


In summary, by using alternate scan direction for interlaced frame pictures, one can achieve up to 8.64 % bit rate reduction (Rugby) and 6.15% on average in case of IPPP. When the sequence is coded as IBBP.., the gain is up to 8.66 %(Rugby) in bit rate and on average 6.11%. In terms of PSNR, there are improvements too.

4. Conclusion
This document presented the benefit of using the alternate scan direction in encoding by showing experimental result with the interlaced video in the baseline. The computer simulation carried out using the current JM2.1 codec with CVLC demonstrated that additional bit rate reduction (BDBR) of up to 8.64% and 6.15 % on average is possible by only letting the alternate scan direction usable. The maximum bit rate reduction is obtained in coding interlaced video under frame picture structure. By noting that the alternate scan direction is effective in bit rate reduction, we like to recommend,

· to adopt the alternate scan in JVT , baseline profile, and, 

· to include “scan_direction” field in picture header (or equivalent) level, or

· to change semantics so that the alternate scan direction is used for interlaced pictures (this is possible without syntax change)

References
[1] “Joint Committee Draft of Joint Video Specification (ITU-T Rec. H.264|ISO/IEC 14496-10 AVC),” JVT-D015 Draft 5, June 17, 2002.

[2] P. Borgwrdt, “Core experiment on interlace video coding”, ITU-T VCEG-O59, 01/02/02.

[3] Gisle Bjontegaard, “Context-adaptive VLC(CVLC) coding of coefficients”, JVT-C028, 02/05/06.
[4] Gisle Bjontegaard, “Calculation of average PSNR differences between RD-curves”, ITU-T VCEG-M33, 01/03/01.
[5] Limin Wang and David Baylon, “Alternate Coefficient Scanning Patterns for Interlaced ABT Coding”, ITU-T VCEG-C140, Fairfax Meeting, May 2002.

(Append for Proposal Documents)

JVT Patent Disclosure Form

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

	[image: image5.wmf]
	[image: image6.png]1S0
NS




	[image: image7.png]





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

Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

This form provides the ITU-T | ISO/IEC Joint Video Coding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

	Submitting Organization or Person:

	Organization name
	Samsung Electronics
	

	Mailing address
	Jeong Hoon Park

Samsung Electronics

416 Matan-3dong, Paldal-gu, Suwon, Korea
	

	Country
	Korea
	

	Contact person
	Jeong-Hoon Park
	

	Telephone
	+82-31-200-3747
	

	Fax
	
	

	Email
	jeonghoon@samsung.com
	

	Place and date of submission
	
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	Alternate Scan for Interlaced Video Coding
	

	Contribution number
	D073
	

	
	
	


(Form continues on next page)

	Disclosure information – Submitting Organization/Person  (choose one box)

	
	

	
	2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,



	
	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.

	
	

	
	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.

	
	

	O
	2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.

	
	

	
	2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

	In the case of any box other than 2.0 above, please provide the following:

	Patent number(s)/status

	
	

	Inventor(s)/Assignee(s)

	
	

	Relevance to JVT

	
	

	Any other remarks:

	
	

	(please provide attachments if more space is needed)




(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

	Disclosure information – Third Party Patents (choose one box)

	
	

	O
	3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.



	
	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



	For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



	3rd party name(s)
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Patent number/status
	
	

	Inventor/Assignee
	
	

	Relevance to JVT
	
	

	
	
	


	Any other comments or remarks:


























































File:JVT-D073r1.doc
Page: 5
Date Saved: 2002-07-24

