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1. Introduction

The faithful reproduction of fine detail, including film grain, is required in high definition (HD) broadcasts, HD-DVD, and Digital Cinema. To meet this requirement, more high frequency information must survive quantization than is typical in lower bit rate applications. This contribution demonstrates that the frequency selectivity and reduction in boundary effects realized by using adaptive block transforms (ABT) helps meet the high standards of the HD community.  We present average RD performance improvements of 9.75% on HD film sequences and significant perceptual gains in areas of fine detail and film grain.

We believe this work to be consistent with the goals of “Call for Proposals for Extended Sample Bit Depth and Chroma Format Support in the Advanced Video Coding Standard” [1], but are prepared to promote ABT as part of a separate profile targeting consumer HD applications.

2. Test Conditions

The following test conditions were used throughout the study:

Software: JM4.0d

Entropy coding: CABAC
Search Range +-48
RDOpt: On
GOP Structure: IPPP…

QP Settings: 20, 22, 24, 26 (QPI=QPP)

Field/Frame = Frame only (progressive source)

Deblocking off in both encoder and decoder

ABT=0 or 2 as indicated

Number of reference frames= 1 or 2 as indicated

Frame Rate = 24 fps

Frames Coded = 24

Width = 1920

Height = 1088 (8 lines of black padded on bottom of image)

Test Sequences:

· Five HD-scans of major release Hollywood movies (designated Movies 1-5)
.

· One HD-scan of film material from Crawford Communications, Atlanta, GA.

3. RD Results

Tests were conducted using one and two reference frames. The RD improvements using one reference frame, measured using the Bjontegaard [2] technique, are tabulated in Table 1 (the individual run results are listed in Appendix A). The average RD performance gain is 9.75%, with a low of 6.54% on the Crawford sequence, and a high of 11.66% on Movie 4.

Table 1 - RD Improvement with ABT=2, Number of Reference Frames=1

	Clip
	% RD Improvement

	Movie 1
	10.49

	Movie 2
	10.62

	Movie 3
	10.94

	Movie 4
	11.66

	Movie 5
	8.29

	Crawford
	6.54

	Average
	9.75


The RD improvements using two reference frames are tabulated in Table 2 (the individual run results are listed in Appendix B). Again, the average RD performance gain of 9.58% is significant. While the gain on the Crawford sequence is reduced to 6.02%, the gain on Movie 4 remains virtually constant at 11.62%.

Table 2 - RD Improvement with ABT=2, Number of Reference Frames=2

	Clip
	% RD Improvement

	Movie 1
	10.14

	Movie 2
	10.57

	Movie 3
	11.06

	Movie 4
	11.62

	Movie 5
	8.09

	Crawford
	6.02

	Average
	9.58


4. Perceptual Results

5. Discussion

6. Further Work

As part of the next contribution, we are focusing on three work areas:

· Detailing how ABT can co-exist with the other coding tools in the JVT standard.

· Re-integrating ABT into the latest JVT software (currently JM6.2).

· Further improvements in image quality at HD. Areas of particular interest are ABT with B frames, using 4:2:2 sequences, and using 10-bit sequences.

7. Conclusions

8. References

[1] Sullivan, et. al. Call for Proposals for Extended Sample Bit Depth and Chroma Format Support in the Advanced Video Coding Standard (ITU-T H.264 & ISO/IEC 14496-10), JVT-G048.
[2] Bjontegaard, G. Calculation of average PSNR differences between RD-curves, VCEG-M33.
9. Appendix A – Individual Test Results – One Reference Frame

Movie 1

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	44.54
	15.10

	22
	43.41
	10.99

	24
	42.17
	7.80

	26
	41.03
	5.74

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	44.99
	15.63

	22
	43.9
	11.35

	24
	42.78
	8.25

	26
	41.69
	6.03
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Movie 2

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	43.93
	18.77

	22
	42.66
	11.74

	24
	41.35
	6.39

	26
	40.25
	3.23

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	44.38
	20.09

	22
	43.16
	13.02

	24
	41.99
	7.73

	26
	40.89
	4.31
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Movie 3

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	47.98
	6.34

	22
	47.21
	4.77

	24
	46.56
	3.52

	26
	45.91
	2.61

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	48.58
	6.97

	22
	47.84
	5.24

	24
	47.06
	3.92

	26
	46.26
	2.99


[image: image12.emf]Movie 2

40

41

42

43

44

45

0.005.0010.0015.0020.0025.00

Bit Rate (Mbps)

Y PSNR (dB)

ABT off

ABT inter+intra


Movie 4

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	45.73
	11.81

	22
	44.8
	8.91

	24
	43.8
	6.67

	26
	42.87
	5.13

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	46.3
	12.58

	22
	45.38
	9.34

	24
	44.41
	7.03

	26
	43.47
	5.37
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Movie 5

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	42.51
	40.79

	22
	41.18
	30.35

	24
	39.81
	20.75

	26
	38.56
	13.20

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	43.33
	44.29

	22
	41.87
	32.72

	24
	40.49
	23.19

	26
	39.19
	15.55
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Crawford

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	42.18
	42.93

	22
	40.77
	30.37

	24
	39.32
	19.09

	26
	38.08
	10.73

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	42.73
	44.98

	22
	41.27
	32.30

	24
	39.88
	21.74

	26
	38.63
	13.47
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10. Appendix B – Individual Test Results – Two Reference Frames
Movie 1

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	44.6
	14.90

	22
	43.47
	10.87

	24
	42.23
	7.77

	26
	41.07
	5.71

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	45.05
	15.45

	22
	43.96
	11.26

	24
	42.84
	8.23

	26
	41.76
	6.03
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Movie 2

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	43.96
	17.72

	22
	42.71
	10.97

	24
	41.43
	5.95

	26
	40.33
	3.08

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	44.41
	19.08

	22
	43.24
	12.31

	24
	42.1
	7.38

	26
	41
	4.15
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Movie 3

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	47.98
	6.33

	22
	47.22
	4.75

	24
	46.56
	3.51

	26
	45.92
	2.58

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	48.59
	6.96

	22
	47.85
	5.22

	24
	47.07
	3.91
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26
	46.27
	3.00


Movie 4

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	45.75
	11.71

	22
	44.81
	8.83

	24
	43.82
	6.62

	26
	42.89
	5.10

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	46.31
	12.50

	22
	45.39
	9.28

	24
	44.43
	6.98
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Movie 5

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	42.48
	40.43

	22
	41.15
	29.89

	24
	39.76
	20.21

	26
	38.52
	12.74

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	43.29
	43.92

	22
	41.83
	32.30

	24
	40.44
	22.73

	26
	39.15
	15.14
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Crawford

	ABT=0
	
	

	qp 
	psnr
	Mbps

	20
	42.18
	42.08

	22
	40.78
	29.56

	24
	39.33
	18.38

	26
	38.11
	10.32

	
	
	

	ABT=2
	
	

	qp 
	psnr
	Mbps

	20
	42.71
	44.12

	22
	41.26
	31.53

	24
	39.88
	21.11

	26
	38.67
	13.11
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JVT Patent Disclosure Form
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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
	Sand Video
	

	Mailing address
	200 Brickstone, Fourth Floor

Andover, MA, 01810
	

	Country
	USA
	

	Contact person
	Steve Gordon
	

	Telephone
	978.475.8990 x222
	

	Fax
	978.475.8995
	

	Email
	SteveGordon@SandVideo.com
	

	Place and date of submission
	
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	ABT for Film Grain Reproduction in High Definition Sequences
	

	Contribution number
	H029
	

	
	
	


(Form continues on next page)

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

	
	

	[image: image6.wmf]
	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.
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	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.
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	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)
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	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.
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	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:
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� Due to licensing arrangements with the Hollywood Studios, Sand Video cannot disclose the names of the movies nor show the results of the processing to non-DVD Forum members.
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