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Introduction

This is essentially a re-submission of a proposal originally submitted as JVT-B048 in January 2002, with modifications to clarify the explanation and with a revised syntax.

Film material produced at 24 (23.976) frames/sec is routinely converted to 30 (29.97) frames/sec in many applications. A Film Mode mechanism for encoding, decoding and display of converted film material exists in MPEG-2, and this solution has served the industry well, however, it requires encoders to be aware of the (interlaced) display device, and it complicates matters for decoders that need to know whether the content is progressive. Optimal encoding of converted film material requires what is known as 3:2 pull-down, where the original film frames are detected and encoded as progressive frames and the encoder conveys proper display timing to the decoder.
A necessary requirement for encoding MPEG-2 video using Film Mode is that the frame rate encoded in the sequence header must indicate the frame rate of the original 30 (29.97) frames/sec input video sequence. Flags top_field_first and repeat_first_field are used for indicating how a picture should be displayed. However, this requirement is not desirable when the display device can vary, e.g. interlaced TV vs. progressive monitors, and the encoder has no way of knowing what kind of display will be used at the decoder end.
In this document we propose a simple optional SEI message to facilitate the coding and display of converted film material in a way that we believe meets the needs of all parties. One main advantage of this proposal is the separation of coding and display processes.
Summary of Proposal

Briefly, this proposal calls for encoding film material at the actual desired film frame rate, e.g. 23.976 fps or 24 fps, in progressive sequences. The encoder does not need to do make any consideration for the display. The encoder has an option, however, to include optional messages that indicate to the decoder what the intended field polarity and repeat pattern is for 3:2 pulldown display. Encoders can switch dynamically between e.g. 29.97 fps coding and 23.976 (24) fps encoding if necessary in order to accommodate uncertainties that may arise when performing inverse 3:2 pull-down from analog sources; this capability is already supported in JVT.

Decoders are free to ignore these optional messages. Decoders that prefer progressive sequences at the film frame rate will see them, unlike in MPEG-2 film mode, and decoders that would benefit from determining the 3:2 pulldown sequence intended by the encoder will see those, when the encoder included them, similar to MPEG-2 film mode. Also, this proposed solution does not complicate the HRD, as the frame rate and buffer removal times are not affected by the film mode messages. 

Explanation of Film Mode Operation

3:2 pull-down is commonly used in converting a 24 (23.976) frame/second film sequence into a 30 (29.97) frame/second sequence for display.  Figure 1 shows the 3:2 pull-down process.
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Figure 1 Mapping of the 3:2 pull-down process

In MPEG-2 video elementary streams, two flags in the coded picture header, top_field_first and repeat_first_field, are used to indicate the current film state. Let us define the film states as shown in Table 1 and Figure 1. The four possible film mode states (represented as A, B, C, and D) are repeated in the same order every four pictures. 

Film Mode encoding refers to the case when an encoder directly compresses 24 (23.976) frames/sec material, or when an encoder uses the 3:2 pull-down process to convert 30 (29.97) frames/sec video to 24 (23.976) frame/sec material prior to encoding. If the input video sequence prior to compression by an encoder is derived from a 24 (23.976) frame/sec film sequence, top_field_first and repeat_first_field flags indicate the “fields” that need to be repeated for a 30 (29.97) frames/sec display device.  If the input sequence is a video sequence that has already been converted from a film sequence, a 3:2 pull-down detector is often required to restore the film sequence prior to encoding.  In this case, two repeated fields are removed from each ten-field sequence by the 3:2 pull-down detector, as shown in Figure 1.   

	Pictures
	Transmitted Fields
	Repeat First Field Flag
	Top Field First Flag
	Displayed Field

	A
	A1
	0
	1
	A1

	
	A2
	
	
	A2

	B
	B1
	1
	1
	B1

	
	B2
	
	
	B2

	
	
	
	
	B1

	C
	C1
	0
	0
	C2

	
	C2
	
	
	C1

	D


	D1
	1
	0
	D2

	
	D2
	
	
	D1

	
	
	
	
	D2


Table 1 Mapping of the 3:2 pull-down flags in MPEG-2

In MPEG-2, the decoder has to follow top_field_first and repeat_first_field flags to display film state B and D frames for three field times since they both contain an “un-encoded 
” field of data. The decoder will re-display the first field to replace the "un-encoded" field. This is because in the 3:2 pull-down algorithm, the first field is repeated every other picture to convert film material at 24 frames/sec to video mode at 30 frames/sec. Film state A and C pictures are displayed for only two field times. A Film Mode sequence of four pictures will therefore be displayed as a total of 10 field times. In this way, the decoded video is displayed at the correct video picture rate of 30 (29.97) frames/sec.   However, this is undesirable for decoding systems with progressive display or that otherwise would benefit from direct 24 (23.976) fps progressive sequences.  

Proposal  

We propose the following SEI message to separate the coding and display processes for film mode.

Film mode picture SEI message syntax
	Film_mode_picture( PayloadSize ) {
	Category
	Descriptor

	
field_mode_state
	7
	u(2)

	}
	
	


Film mode picture SEI message semantics
The film mode picture SEI message shall be applied only to progressive frame-structured pictures.

film_mode_state – This is a 2-bit code that indicates the Film Mode state given in the following table.  
	Film mode states
	Frame notation
	Field

parity
	Displayed fields

	00
	A
	a1
	a1

	
	
	a2
	a2

	01
	B
	b1
	b1

	
	
	b2
	b2

	
	
	
	b1

	10
	C
	c1
	c2

	
	
	c2
	c1

	11
	D
	d1
	d2

	
	
	d2
	d1

	
	
	
	d2


The film-mode picture SEI message is a picture-level hint of display related information that indicates how the picture should be displayed with 3:2 pull-down operations. This proposal separates the coding and display process.  One major difference between this proposal and MPEG-2 is that the frame rate here is the rate for actual coded frames. This implies that in some cases, the time-stamping process for DTS and PTS will be different than that for MPEG-2 video.

Comparison with MPEG-2 Video Syntax

	MPEG-4 AVC
	MPEG-2 Video

	Picture structure
	Film mode states
	Progressive sequence
	Progressive picture
	Picture structure
	Top field first
	Repeat first field

	Progressive

frame picture
	00
	0
	1
	frame
	1
	0

	Progressive

frame picture
	01
	0
	1
	frame
	1
	1

	Progressive

frame picture
	10
	0
	1
	frame
	0
	0

	Progressive frame picture
	11
	0
	1
	frame
	0
	1

	Top field picture 
	N/A
	0
	0
	field
	0
	0

	Bottom field picture
	N/A
	0
	0
	field
	0
	0

	Interlaced frame picture, top field first
	N/A
	0
	0
	frame
	1
	0

	Interlaced frame picture, bottom field first
	N/A
	0
	0
	frame
	0
	0

	N/A
	1
	1
	frame
	0
	0

	
	1
	1
	frame
	0
	1

	
	1
	1
	frame
	1
	1
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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
	Broadcom Corp.
	

	Mailing address
	16215 Alton Parkway,

Irvine, CA 92619
	

	Country
	USA
	

	Contact person
	Sherman (Xuemin) Chen,
	

	Telephone
	1-949-585-6185
	

	Fax
	
	

	Email
	schen@broadcom.com
	

	Place and date of submission
	10/4/2002
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	SEI Message for the Film Mode “Hint” in JVT Codec
	

	Contribution number
	JVT-E078
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	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.
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	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)
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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)
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	Country
	
	

	Contact person
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	Patent number/status
	
	

	Inventor/Assignee
	
	

	Relevance to JVT
	
	

	
	
	


	Any other comments or remarks:




�PAGE \# "'Page: '#'�'"  �� The reason I propose “un-encoded” is because the term ‘dropped field’ in the context of timing may be misunderstood as ‘drop-frame timing’ as in recording that uses SMPTE time code to properly indicate 29.97 Hz in a 30 Hz timing system. This is just a suggestion.
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