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Global Motion Vector Coding (GMVC) has been proposed in the previous meetings [1]. This contribution is a revision of the previous GMVC proposal.

1. Bit stream syntax

For each P frame, a GMVC_flag symbol is added right after the slice header to signal if GMVC is on or off for the current slice. If GMVC is off, then all following bit stream will be exactly same as that of current TML [2]; comparing to the original TML syntax, only 1 extra bit per inter frame is needed for the GMVC_flag. If GMVC is on, the global motion vectors (GMV’s) are to be coded after the GMVC_flag; then, for each image MB, if the MB mode is determined to be one of the GMVC modes, motion vector coding can be simply skipped; the motion vector values for all 4×4 image blocks in that specific MB can be derived from GMV’s through a bilinear interpolation. The motion vector interpolation is as same as the previous proposal [1]. The motion vector accuracy can vary. For example, for the future TML baseline profile, we have chosen to represent the motion vectors in ¼ pixels. 

Table 1. Codeword number of MB modes
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The code number of a GMVC MB mode, GMVC_4x4 (previously called GMVC_16 [1]), has been rearranged to increase the bit saving. Table 1 lists the revised codeword numbers of the MB modes for both GMVC MB modes.

Comparing to the current TML syntax, the “copy” mode is replaced by the “GMVC_COPY” mode in a GMVC frame; a new mode “GMVC_4(4” is added to the GMVC frame. For all the non-GMVC modes in the GMVC frame, motion vectors are coded explicitly into the bitstream.

2. Experiment

2.1 P frame coding

The coding efficiency experiments are conducted mainly following the “Simulation Common Conditions” specified in VCEG-N81 [3] and the specification used in the previous proposal [1]. The proposed GMVC method is integrated into the TML8.5 software to compare against the TML8.5 performance. The motion search range parameter is set to 32; and the RD optimization option is turned on for the experiments. The global motion search algorithm is as same as we presented previously [1], but further optimized.
RD curves for all the testing sequences are shown in the Appendix 1. Detailed experimental results are available in JVT-B019.xls. There is almost no performance difference for sequences without global motion, such as “containet_qcif,” “news_qcif,” “silent_qcif,” and “paris_cif.” Table 2 summarizes the results of the sequences, where global motions are present. Bit savings of up to 20% can be observed at very low bit rate (or when QP is high). 

Table 2. Comparison of TML8.5 and the proposed GMVC (IPPP)
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Side-by-side comparison is arranged for the meeting. QP’s in bold in Table 2 are available for the subjective evaluation. In summary, the GMVC improves visual quality in many background areas when global motions are present, for example, in “coast” and “foreman” sequences. 

2.2 B frame coding

Per some JVT members’ request, experiments are conducted to analyze the coding efficiency when B frame coding is enabled; even though GMVC is proposed for H.26L baseline and B frame syntax has not been changed.

Subset of the sequences used in Section 2.1 is used for B frame coding, with two B frames inserted into each pair of P frames. The results are summarized in Table 3. RD curves are available in the Appendix 2 and detailed results are available in JVT-B019.xls.

For “foreman” and “coast_guard” sequences, the average bit savings become less because of the B frame coding. However, it is interesting to see that GMVC gives some bit savings for “Stefan” sequences even at high bit rate. 

Side-by-side comparison is arranged for the meeting. QP’s in bold in Table 3 are chosen for the subjective evaluation. The visual quality improvement similar to that of P frame coding can be observed.

Table 3. Comparison of TML8.5 and the proposed GMVC (IBBP)
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2.3 Complexity 

As we presented previously [1], there is no significant increase of complexity on the decoder side for GMVC. On the encoder side, a simple global motion estimation method is developed, which takes as low as 1-2% of the computation. Currently, the global motion estimation and the TML local motion search are both executed. It appears that the computation of local motion search potentially can be significantly reduced when the global motion information is considered. Therefore, our GMVC method will not introduce any significant extra requirement for the total computation in that case.

3. Summary

We have demonstrated the advantages of the proposed Global Motion Vector Coding (GMVC) technique. This coding method gives certain benefit for low-bit-rate video coding by reducing bit rate and enhancing visual quality; it is especially useful for video applications where the global or camera motion is highly expected. It takes only one bit per frame to signal off the GMVC option if the GMVC is not to be used; the overhead for coding efficiency is negligible. As we discussed in Section 2.3, there is no significant increase in complexity for GMVC. Therefore, we recommend JVT to adopt the proposal into the new TML.
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Appendix

1. R-D curves for P-frame coding (Section 2.1)
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2. R-D curves for B-frame coding (Section 2.2)

[image: image11.wmf]foreman_qcif

25

27

29

31

33

35

37

0

10000

20000

30000

40000

50000

60000

70000

80000

bitrate (bps)

PSNRY

TML85(IBBP)

GMVC85(IBBP)


[image: image12.wmf]stefan_qcif

22

24

26

28

30

32

34

36

0

50000

100000

150000

200000

250000

300000

350000

bitrate (bps)

PSNRY

TML85(IBBP)

GMVC85(IBBP)


[image: image13.wmf]coast_cif

24

26

28

30

32

34

36

0

200000

400000

600000

800000

1000000

1200000

1400000

bitrate (bps)

PSNRY

TML85(IBBP)

GMVC85(IBBP)


[image: image14.wmf]stefan_cif

23

25

27

29

31

33

35

37

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

bitrate (bps)

PSNRY

TML85(IBBP)

GMVC85(IBBP)


[image: image15.wmf]foreman_cif

26

28

30

32

34

36

38

0

40000

80000

120000

160000

200000

240000

280000

320000

360000

400000

440000

480000

bitrate (bps)

PSNRY

TML85(IBBP)

GMVC85(IBBP)


JVT Patent Disclosure Form

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

	[image: image16.wmf]
	[image: image17.png]1S0
NS




	[image: image18.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
	Sharp Labs of America
	

	Mailing address
	5750 NW Pacific Rim Blvd, Camas, WA 98607
	

	Country
	USA
	

	Contact person
	Shijun Sun
	

	Telephone
	360 817 7531
	

	Fax
	360 817 8436
	

	Email
	ssun@sharplabs.com
	

	Place and date of submission
	Geneva, Jan 2002
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	Global Motion Vector Coding
	

	Contribution number
	JVT-B019
	

	
	
	


(Form continues on next page)

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

	
	

	[image: image19.wmf]
	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,



	[image: image20.wmf]
	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: image21.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.

	
	

	[image: image22.wmf]
	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.

	
	

	[image: image23.wmf]
	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
	Pending
	

	Inventor(s)/Assignee(s)
	Shijun Sun and Shawmin Lei
	

	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)

	
	

	
[image: image24.wmf]
	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.



	[image: image25.wmf]
	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:

To support a royalty-free baseline we follow ITU-T 2.2.1 for Baseline Profile decoder applications agreeing to a free license on condition that all other patent holders do the same. 










File:JVT-B019
Page: 2
Date Printed: 1/22/2002

_1069141495.doc



