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1 Introduction

The current H.26L TML-6 [1] definition of the picture header restricts the picture formats to only two picture sizes (QCIF, CIF) with one aspect ratio (12:11), one color depth (8 bit/color component) and one color component format (4:2:0). To open H.26L for a wider range of applications other picture formats should be allowed. Therefore in the first part of this contribution some changes to the picture header syntax are proposed. In the second part further open issues related to the picture header are discussed, such as the definition of a byte aligned picture startcode. Byte alignment of picture start codes is required by H.324 and in addition would allow bitstream parsing with lower complexity. 

The picture header of TML 6, which is called picture sync has two purposes a) it works as a startcode to enable syncronization at picture boundaries and b) it provides some general information about the following picture. The Picture sync is 31 bits long and contains 15 INFO bits. The sketch below indicates where the different bits are located within INFO.


TR(8 bits)

Temporal reference

PQP(5 bits)

Picture QP

Formats

0 indicates QCIF, 1 indicates CIF

EOS

0 for picture header.  1 indicates End Of Sequence

2 Signaling additional picture formats in picture header

There is only one bit for indicating the picture format. To enable processing of additional formats the picture sync syntax has to be changed. In the following a syntax change is proposed which is derived from H.263 picture formats and syntax. To inform the reader about the relevant sections of the H.263 version 2 document [2] with respect to the picture header, these sections have been extracted and copied to Annex A of this document. 

In [2] there are 5 standardized picture sizes (sub-QCIF, QCIF, CIF, 4CIF and 16CIF) and one so called CUSTOM picture size defined. The latter can be used to process other picture sizes, with the restriction that the number of pels per row and column must be dividable by 4 and the maximum number of pels is set to 2048x1152 (see definition of custom picture format (CPFMT) in Annex A). The color component format is always 4:2:0. The color depth 8 bit/pel. The default picture clock frequency can be changed from 29.97 Hz by transmitting a custom picture clock frequency code (CPCFC).

We propose to take the H.263 formats as a starting point for H.26L and add further formats for high quality applications such as studio application and digital cinema. Thus the maximum picture size should be increased to 4092x3112, allowing at least 10 bit/pel color depth and 4:4:4 color format (see cfp for digital cinema VCEG-M10). 

This can be signaled in the picture header by a 3 bit code for the 5 standardized picture formats and the custom format. If the latter is chosen an additional picture header of variable length should be inserted in the bitstream to code the custom picture formats: 

Picture Source Format (PSF) in modified picture sync (PHEADER):

As an example the H.263 codes are listed.

“000” forbidden

“001” sub-QCIF

“010” QCIF

“011” CIF

“100” 4CIF

“101” 16CIF

“110” reserved

“111” CUSTOM
-> 3 bit

If CUSTOM, insert extended PTYPE (PLUSPTYPE).

PLUSPTYPE should at least consist of the following indicators:

Picture Size (PS):
(sub-QCIF, QCIF, CIF, 4CIF, 16CIF, CPFMT) -> 3 bit

Custom Picture Format (CPFMT), with increased maximum number of pels compared to [2]: 

A fixed length codeword of 20 bits that is present only if the use of a custom picture format is signaled in PLUSPTYPE. When present, CPFMT consists of:



Picture Width Indication: Range [0,...,1023]; # pixels per line = (PWI+1)*4, -> 10 bit



Picture Height Indication: Range [1,...,1024]; # of lines = PHI*4
 -> 10 bit

Color depth (CD):
(4, 6, 8, 10) -> 2 bit

Color component format (CCF): 



(4:2:0, 4:4:4) -> 1 bit

Custom picture clock frequency code (CPCFC):



(see Annex A) -> 8 bits

The list of picture formats above is not complete and needs further discussion. It should also be considered to insert one additional PLUSPTYPE indicator to signal which of the PLUSPTYPE indicators (PS,CPFMT,…) is present in the bitstream. Hereby the overhead introduced by this extended header can be minimized. 

The current TML picture header picture sync has to be changed to signal the new picture format indicator (PSF). One possibility is to increase the current picture sync length by two INFO bits which leads to a total length of 35 bits instead of 31.

As there are other open issues concerning the picture header, these issues should be considered as well for the definition of a new picture header.

3 Further open issues relating to picture header

H.324 requires a byte aligned picture startcode. This would also lower the complexity of bitstream parsing, e.g. for reading a certain frame out of a TML-file. Byte alignment is also needed for slice headers. To achieve a byte aligned startcode stuffing of bits before the picture startcode is needed. 

The current TML picture header is coded by using the UVLC, which leads to a codeword length of 31 bits. There is no explicit startcode. To identify a picture start the bitstream has to be decoded or at least the length of the UVLC codeword has to be identified (as there is no other codeword of length 31). If the picture header is byte aligned this operation will be very simple. 

An alternative solution would be to separate startcodes from the INFO part, as it is done in H.263. This would lead to a unique codeword for the picture sync followed by the header info. 

It should be discussed which solution is more suited for the definition of the new header. 

4 References

[1] “H.26L Test Model Long Term Number 6 (TML-6) draft0”, ITU-T, VCEG-L45.doc, 3. Mar. 2001.

[2] “Video Coding for Low Bit Rate Communication”, ITU-T Draft H.263, 27. Jan. 1998.

Annex A

In the following some sections are extracted from [1] defining the picture header in H.263.

There are five standardised picture formats: sub-QCIF, QCIF, CIF, 4CIF and 16CIF. It is also possible to negotiate a custom picture format. For all of these picture formats, the luminance sampling structure is dx pixels per line, dy lines per picture in an orthogonal arrangement. Sampling of each of the two colour difference components is at dx/2 pixels per line, dy/2 lines per picture, orthogonal. The values of dx, dy, dx/2 and dy/2 are given in Table 2 for each of the standardised picture formats.

TABLE 2/H.263

Number of pixels per line and number of lines for each of the standardised H.263 picture formats

	Picture Format
	number of pixels for luminance (dx)
	number of lines for luminance (dy)
	number of pixels for chrominance (dx/2)
	number of lines for chrominance (dy/2)

	sub-QCIF
	128
	96
	64
	48

	QCIF
	176
	144
	88
	72

	CIF
	352
	288
	176
	144

	4CIF
	704
	576
	352
	288

	16CIF
	1408
	1152
	704
	576


For all picture formats, colour difference samples are sited such that their block boundaries coincide with luminance block boundaries as shown in Figure 2. The pixel aspect ratio is the same for each of the standardised picture formats and is the same as defined for QCIF and CIF in Recommendation H.261: (288/3):(352/4), which simplifies to 12:11 in relatively prime numbers. The picture area covered by all of the standardised picture formats except the sub-QCIF picture format has an aspect ratio of 4:3.

Custom picture formats can have a custom pixel aspect ratio as described in Table 3, if the custom pixel aspect ratio use is first negotiated by external means.  Custom picture formats can have any number of lines and any number of pixels per line, provided that the number of lines is divisible by four and is in the range [4,...,1152], and provided that the number of pixels per line is  also divisible by four and is in the range [4,...2048].  For picture formats having a width or height that is not divisible by 16, the picture is decoded in the same manner as if the width or height had the next larger size that would be divisible by 16 and then the picture is cropped at the right and the bottom to the proper width and height for display purposes only.

[…]

Bits 6-8:
Source Format, “000” forbidden, “001” sub-QCIF, “010” QCIF, “011” CIF, “100” 4CIF, 
“101” 16CIF, “110” reserved, “111” extended PTYPE,

[…]

Bits 6-8 shall not have a value of ‘111’ which indicates the presence of an extended PTYPE (PLUSPTYPE) unless the capability has been negotiated externally (for example Recommendation H.245) to allow the use of a custom source format or one or more of the other optional modes available only by the use of an extended PTYPE (see Annexes I through K and M through T).  Whenever bit 6-8 do not have a value of ‘111’, all of the additional modes available only by the use of an extended PTYPE shall be considered to have been set to an “off” state and shall be inferred to remain “off” unless explicitly switched on later in the bitstream.

[…]

Data for each picture consists of a picture header followed by data for Group of Blocks or for slices, eventually followed by an optional end‑of-sequence code and stuffing bits. The structure is shown in Figure 7 for pictures that do not include the optional PLUSPTYPE data field. PSBI is only present if indicated by CPM. TRB and DBQUANT are only present if PTYPE indicates use of the ‘PB-frame’ mode (unless the PLUSPTYPE field is present and the use of DBQUANT is indicated therein).

The optional PLUSPTYPE data field is present when so indicated in bits 6-8 of  PTYPE.  When present, an additional set of data is included in the bitstream, which immediately follows PTYPE
[…]

Picture Start Code (PSC) (22 bits)

PSC is a word of 22 bits. Its value is 0000 0000 0000 0000 1 00000. All picture start codes shall be byte aligned. This shall be achieved by inserting PSTUF bits as necessary before the start code such that the first bit of the start code is the first (most significant) bit of a byte.

[…]

Byte alignment of start codes

Byte alignment of start codes is achieved by inserting a stuffing codeword consisting of less than 8 zero-bits before the start code such that the first bit of the start code is the first (most significant) bit of a byte. A start code is therefore byte aligned if the position of its most significant bit is a multiple of 8-bits from the first bit in the H.263 bitstream. All picture, slice, and EOSBS start codes shall be byte aligned, and GOB and EOS start codes may be byte aligned.

NOTES

1
The number of bits spent for a certain picture is variable but always a multiple of 8 bits.

2
H.324 requires H.263 encoders to align picture start codes with the start of logical information units passed to the Adaptation Layer (AL_SDU’s).

[…]

TABLE 3/H.263

Custom Pixel Aspect Ratios

	Pixel Aspect Ratio
	Pixel Width : Pixel Height

	Square
	1:1

	CIF
	12:11

	525-type for 4:3 picture
	10:11

	CIF for 16:9 picture
	16:11

	525-type for 16:9 picture
	40:33

	Extended PAR
	m:n, m and n are relatively prime


Plus PTYPE (PLUSPTYPE) (Variable Length)

A codeword of 12 or 30 bits which is present only if the presence of extended PTYPE is indicated in bits 6-8 of PTYPE.

PLUSPTYPE is comprised of up to three subfields, UFEP, OPPTYPE, and MPPTYPE.  OPPTYPE is present only if UFEP has a particular value.

5.1.4.1
Update Full Extended PTYPE (UFEP) (3 bits)

A fixed length codeword of 3 bits which is present only if “extended PTYPE” is indicated in PTYPE bits 6-8.  When set to “000”, it indicates that only those extended PTYPE fields which need to be signaled in every picture header (MPPTYPE) are included in the current picture header.  When set to “001”, indicates that all extended PTYPE fields are included in the current picture header.  If the picture type is INTRA or EI, this field shall be set to “001”.

In addition, if PLUSPTYPE is present in each of a continuing sequence of pictures, this field shall be set to “001” at least as often as specified by a five second or five picture timeout period, whichever allows a larger interval of time.  More specifically, the timeout period requires UFEP=“001” to appear in the PLUSPTYPE field (if PLUSPTYPE is present in every intervening picture) of the first picture header with temporal reference indicating a time interval greater than or equal to five seconds since the last occurrence of UFEP=“001”, or of the fifth picture after the last occurrence of UFEP=“001” (whichever requirement allows a longer period of time as measured by temporal reference).

Encoders should set UFEP to “001” more often in error-prone environments.  Values of UFEP other than ‘000’ and ‘001’ are reserved.

[…]

Bit 1-3
Source Format, “000” reserved, “001” sub-QCIF, “010” QCIF, “011” CIF, 







“100” 4CIF, “101” 16CIF, “110” custom source format, “111” reserved,

[…]

Custom Picture Format (CPFMT) (23 bits)

A fixed length codeword of 23 bits that is present only if the use of a custom picture format is signaled in PLUSPTYPE and UFEP is ‘001’.  When present, CPFMT consists of:


Bit 1-4
 Pixel Aspect Ratio Code: A 4-bit index to the PAR value in Table 5. For extended PAR, 



    
 the exact pixel aspect ratio shall be specified in EPAR (section 5.1.6).,


Bit 5-13
 Picture Width Indication: Range [0,...,511]; Number of pixels per line = (PWI+1)*4,


Bit 14
 Equal to “1” to prevent start code emulation,


Bit 15-23
 Picture Height Indication: Range [1,...,288];  Number of lines = PHI*4.

TABLE 5/H.263

PAR Code Definition

	PAR Code
	Pixel Aspect Ratios

	0000
	forbidden

	0001
	1:1 (Square)

	0010
	12:11 (CIF for 4:3 picture)

	0011
	10:11 (525-type for 4:3 picture)

	0100
	16:11 (CIF stretched for 16:9 picture)

	0101
	40:33 (525-type stretched for 16:9 picture)

	0110-1110
	reserved

	1111
	extended PAR


Extended Pixel Aspect Ratio (EPAR) (16 bits)

A fixed length codeword of 16 bits that is present only if CPFMT is present and extended PAR is indicated therein. When present, EPAR consists of:


Bit 1-8
PAR Width: “0” is forbidden. The natural binary representation of the PAR width,

Bit 9-16
PAR Height: “0” is forbidden. The natural binary representation of the PAR height.

The PAR Width and PAR Height shall be relatively prime.

Custom Picture Clock Frequency Code (CPCFC) (8 bits)

A fixed length codeword of 8 bits that is present only if PLUSPTYPE is present and UFEP is 001 and a custom picture clock frequency is signaled in PLUSPTYPE. When present, CPCFC consists of:

Bit 1
Clock Conversion Code: “0” indicates a clock conversion factor of 1000 and “1” indicates 1001.

Bit 2-8
Clock Divisor: “0” is forbidden.  The natural binary representation of the value of the clock divisor. 

The custom picture clock frequency is given by 1 800 000/(clock divisor * clock conversion factor) Hz.

The temporal reference counter shall count in units of the inverse of the picture clock frequency, in seconds.  When the PCF changes from that specified for the previous picture, the temporal reference for the current picture is measured in terms of the prior PCF, so that the new PCF takes effect only for the temporal reference interpretation of future pictures.

[…]

Stuffing (ESTUF) (Variable length)

A codeword of variable length consisting of less than 8 zero-bits. Encoders may insert this codeword directly before an EOS codeword. Encoders shall insert this codeword as necessary to attain mandatory byte alignment directly before an EOSBS codeword. If ESTUF is present, the last bit of ESTUF shall be the last (least significant) bit of a byte, so that the start of the EOS or EOSBS codeword is byte aligned. Decoders shall be designed to discard ESTUF.  See Annex C for a description of EOSBS and its use.

End Of Sequence (EOS) (22 bits)

A codeword of 22 bits. Its value is  0000 0000 0000 0000 1 11111. It is up to the encoder to insert this codeword or not. EOS may be byte aligned. This can be achieved by inserting ESTUF before the start code such that the first bit of the start code is the first (most significant) bit of a byte.  EOS shall not be repeated unless at least one picture start code appears between each pair of EOS codes.

Stuffing (PSTUF) (Variable length)

A codeword of variable length consisting of less than 8 zero-bits. Encoders shall insert this codeword for byte alignment of the next PSC. The last bit of PSTUF shall be the last (least significant) bit of a byte, so that the video bitstream including PSTUF is a multiple of 8 bits from the first bit in the H.263 bitstream. Decoders shall be designed to discard PSTUF.

If for some reason the encoder stops encoding pictures for a certain time-period and resumes encoding later, PSTUF shall be transmitted before the encoder stops, to prevent that the last up to 7 bits of the previous picture are not sent until the coder resumes coding.













8b: TR





5b: PQP





1b: Formats





1b: EOS
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