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1. Background

The existing draft Annex U provides a mechanism to use multiple reference buffers for motion prediction on a block basis. It is a very good concept.  If design carefully, it could have a very big potential in terms improving coding efficiency as well as improving error resiliency, and it could scale all the way from most coding efficient down to most error resilient all within the same annex.

Unfortunately, the current design is focused on the coding efficiency for error-free channels. The error resiliency is largely overlooked. The use of relative buffer indexing is the major defect in the design. Due to this relative buffer indexing, one error could potentially cause wrong indices of all the buffers thus resulting in all the buffers useless. Furthermore, the decoder could be screwed up even without knowing it, if the TR check (TRC) is not used. With TRC, it is possible to detect errors. However, the decoder will not know where and when the errors occurred. This makes the error concealment and recovery more difficult. 

During the discussion on the reflector, I came to realize the concept of sticky frames. However, it is not clear to me how the sticky frames are addressed by the decoder. 

Another issue with the current design is that it’s unnecessarily too complicated. Most of the complexity is due to the rearrangement of buffer indexes. The motivation was to save bits. However, I believe that there are other ways without the rearrangement of buffer indices to achieve the same or even better performance.

This proposal tries to achieve the following objectives:

(1) providing all functionality that the existing scheme provides;

(2) achieving same or better coding efficiency the existing proposal offers;

(3) providing simpler bitstream syntax;

(4) eliminating buffer index error propagation;

(5) providing exact spatial and temporal allocation of errors which the existing proposal does not provide;

(6) providing easy and efficient “Sticky frame” addressing;

(7) providing a mechanism for mixed addressing of “sticky frames” and normal frames on a block basis.

2. Proposal

Some Concept

First, we need to introduce the concept of “long term reference frames” and “short term reference frames”. A Long Term Reference Frame is a frame that the encoder intends to use for a relatively long time, or intends to use after a long time. A short-term frame is a frame that the encoder intends to use only for a short period of time. Long and short-term reference buffers are the buffers that hold those corresponding long/short term frames.

Secondly, we would like to introduce the concept of “Frame sequence Number” (FSN).  A frame sequence number is a number that is embedded in the bitstream to indicate the number of coded and transmitted frames so far. For every coded and transmitted frame, the frame sequence number will be increased by 1.  Skipped frames will not cause any changes to this number. 

Buffer group division

The decoder would divide the reference buffers into two possible groups: Long term buffer group and short term buffer group, according to the instructions embedded in the bitstream from the encoder.  The decoder shall initially assume all the buffers are short-term buffers until an instruction is received to make room for long-term buffers. If N long-term buffers are indicated by the bitstream, the unused short-term reference buffers shall be assigned to long term buffer first. If the unused short term buffers are not enough, then the short term buffers that hold the oldest reference frames will be assigned to long term buffers. In case there are already M long term buffers, where M < N, N-M new long term buffers shall be added, based on the same principle mentioned above. The newly assigned long-term buffers shall be marked unused. In case M >N, then M-N long term buffers with the biggest index shall be assigned back to the short term buffers and be marked unused. In case M=N, no action shall be taken. The encoder should embed the buffer group division information whenever an OPPPTYPE is included in the header or an error message is received. An encoder may choose to send this information more frequently.

Long term or short term frame indication

An indicator is embedded in the bitstream to indicate whether or not the current frame is a long-term frame or short term frame.

Long term Buffer Index (LBI)

When the current frame is a long-term frame, one extra field is inserted in the bitstream to indicate the index of the long-term buffer.

Storing a reference frame into a reference buffer

A short-term frame is stored into the short-term buffer in a FIFO manner. If there are unused short term buffers, the incoming short term frames will be stored in the unused short term buffers so that the existing short term frames in the short term buffer will not be overwritten. If all the short-term buffers are used, the oldest reference frame will be overwritten by the new one. The FSN of the reference frame is the ID of that buffer. 

Each long-term frame will carry an Index that is in the range between 0 and the number of long-term buffers minus 1.  This long-term buffer index (LBI) is assigned by the encoder and embedded in the bitstream. If there is a long-term buffer that carries the same index, that buffer will be overwritten by the new long-term frame and the index remains unchanged. If there is no such buffer that carries the same index, the new long-term frame will be stored in one of the unused long-term buffers, if there are any. If there is no unused long-term buffer and no long-term buffer that carries the same index, it shall be treated as an error. An error message shall be sent to the far end through external mean (for example H.245). 

Reference buffer addressing

This proposal offers three different reference buffer addressing modes: 

(1) Short term buffer addressing using FSN (frame sequence number);

(2) Long Term Buffer addressing using long term buffer index (LBI);

(3) Mixed buffer addressing using FSN and long term buffer index (LBI).

The addressing mode is embedded in the picture/slice/GOB/MB layers. When picture/slice/GOB layer indicates an addressing mode, that mode shall remain in effect until another addressing mode is indicated in the slice/GOB layer within the same picture. If picture/slice/GOB layer indicates an addressing mode other than mixed addressing, MB layer addressing mode indications will not exist and the same addressing mode apply to the MB layer. However, if the addressing mode before the MB decoding is mixed, there is an extra field in the MB layer to indicate the addressing mode of that MB. If MB layer again indicates a mixed addressing (this shall only happen under 4mv mode), there will be an extra field for each Block to indicate the addressing mode of each block. 

Short term buffer addressing using FSN

Under this mode, the Macroblock layer syntax of the existing Annex U remains unchanged. However, the meaning of TRP and PR fields  (PR0, PR, PR2, PR3, PR4) are changed. TRP will represent the base number for reference selection using FSN.

If COD is set to 1, no further information is transmitted for this macroblock. In that case, the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, Frame sequence number equal to TRP, and with no coefficient data.

If PR0 is not set to zero, no further information is transmitted for this macroblock; in that case the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, Frame sequence number equal to PR0 + TRP, with no coefficient data. Note that if PR0 + TRP is more than the wordlength of the FSN (8-bit) in the bitstream, the most significant bits shall be ignored. This is achieved by a mask operation as below:

#define FSNWordlength
8

Mask = (1 << FSNWordlength) – 1;

FSN = (PR0 + TRP) & Mask;

If PR0 is set to zero, the macroblock is coded. The meaning of MCBPC, MODB, CBPB, CBPY and DQUANT remains unchanged. The fields PR and TRP are used for reference buffer addressing for single vector case, and PR, PR2, PR3, PR4 and TRP are used for 4mv reference buffer addressing. 

PR + TRP is the FSN of the reference buffer for the macroblock (one vector case) or for the first block (4mv case);

PR2 + TRP is the FSN of the reference buffer for the second block (4mv case);

PR3 + TRP is the SFN of the reference buffer for the third block (4mv case);

PR4 + TRP is the SFN of the reference buffer for the fourth block (4mv case);

Note that again, if PRi + TRP is more than the wordlength of the FSN field (8-bit), the most significant bits shall be ignored. The arithmetic method mentioned above for PR0 will be used for the calculation of FSN.

Long term buffer addressing using long term buffer index (LBI)

As mention earlier, each long term buffer is assigned a buffer index by the encoder ranging from 0 to NLB –1, where NLB indicates the number of long term buffers.

Under this mode, the Macroblock layer syntax of the existing Annex U remains unchanged. However, the meaning of TRP and PR fields  (PR0, PR, PR2, PR3, PR4) are changed. TRP will represent the base number for reference selection using long term buffer index.

If COD is set to 1, no further information is transmitted for this macroblock. In that case, the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, long term buffer index equal to TRP, and with no coefficient data.

If PR0 is not set to zero, no further information is transmitted for this macroblock; in that case the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, long term buffer index equal to PR0 + TRP, with no coefficient data. 

If PR0 is set to zero, the macroblock is coded. The meaning of MCBPC, MODB, CBPB, CBPY and DQUANT remains unchanged. The fields PR and TRP are used for reference buffer addressing for single vector case, and PR, PR2, PR3, PR4 and TRP are used for 4mv reference buffer addressing. 

PR + TRP is the long term buffer index of the reference buffer for the macroblock (one vector case) or for the first block (4mv case);

PR2 + TRP is the long term buffer index of the reference buffer for the second block (4mv case);

PR3 + TRP is the long term buffer index of the reference buffer for the third block (4mv case);

PR4 + TRP is the long term buffer index of the reference buffer for the fourth block (4mv case); 

Mixed buffer addressing mode

If the addressing mode of a particular Macroblock is still mixed before the decoding of that macroblock,  macroblock level syntax is changed comparing to the existing draft Annex U syntax.  There is a variable length field MAM (Macroblock Addressing Mode) before the COD to indicate the addressing mode of the macroblock. 

MAM = 0 indicates that this Macroblock addressing mode is short term buffer addressing using FSN; the remaining part of the macroblock syntax shall be the same as the existing Annex U syntax;

MAM = 10 indicates that this macroblock addressing mode is long term buffer addressing using buffer index; the remaining part of the macroblock syntax shall be the same as the existing Annex U syntax;

MAM = 11 indicates that this macroblock addressing mode is mixed; there will be one extra field (1-bit) for each of the 4 possible motion vectors to indicate the block addressing mode. Note that this shall only happen under 4mv case.  If this happens under non-4mv case, it shall be treated as bitstream error.

Block Addresing Mode (BAM)

When MAM exists and MAM = 11, there would be one extra field for each of the 4 possible motion vectors to indicate the block addressing mode.

BAM = 0 

This indicates that this block uses short-term buffer addressing using FSN; The calculation of FSN for addressing the reference buffer is as follows:

#define FSNWordlength
8

Mask = (1 << FSNWordlength) – 1;

FSN = (PR0 + TRP) & Mask;

BAM = 1

This indicates that this block uses long-term buffer addressing using LBI (long-term buffer index). The value of the PR is directly used for addressing the long-term buffer. 

3. Annex U Draft Text

Annex U
Enhanced Reference Picture Selection mode

(This annex forms an integral part of this Recommendation.)

U.1
Introduction 

This annex describes the optional Enhanced Reference Picture Selection mode of H.263. The capability of this mode of H.263 is signaled by external means (for example Recommendation H.245). The amount of additional picture memory accommodated in the decoder is also signaled by external means to help the memory management at the encoder. The use of this mode is indicated in the PLUSPTYPE field of the picture header. The mode provides benefits for both error resilience and coding efficiency. 

For error resilience, this annex provides a mechanism to exactly allocate where and when an error has occurred. It can then use backward channel messages, which are defined and signaled by external means (e.g. Recommendation H.245) sent from a decoder to an encoder to inform the encoder which part of which pictures have been incorrectly decoded. Furthermore, the error occurred on a particular picture would not propagate to the existing reference buffers. 

For coding efficiency, motion compensation can be extended to multi-frame prediction. This annex provides a mechanism to divide the multiple reference buffers into two groups: long term reference buffers and short-term reference buffers. The multiple-frame prediction can be done on long-term reference buffers or short-term reference buffers on a block (four motion vector case) or macroblock basis. The extension of motion compensation to multi-frame prediction is achieved by incorporating a picture reference parameter,  addressing mode, and the TRP to correctly address a block for motion compensation in each of the multiple reference pictures. 

U.2
Video source coding algorithm

The source coder of this mode is shown in generalized form in Figure U.1. This figure shows a structure which uses a number of picture memories. 

The video source coding algorithm can be extended to multi-frame motion compensation. Enhanced coding efficiency may be achieved by allowing reference picture selection on the macroblock or block level. 

There are two fundamental problems in a multiple buffer prediction scheme:

(1) selecting a reference buffer to store the newly decoded reference frame;

(2) selecting a reference buffer for motion prediction of a particular macroblock or block.

Several mechanisms are provided for reference buffer management for different applications. This Annex provides a “Frame Sequence Number” (FSN) for each of the codded and transmitted frames. FSN differs from TR in that it increases by 1 for every codded and trasmitted frame. The skipped frames will not cause any changes to FSN. FSN of a reference frame is the ID of a short-term buffer that stores the reference frame. The addressing of a short-term buffer is relying on FSN. However, the long term buffers have another ID which is called long-term buffer index (LBI). The long-term buffer index is assigned by the encoder and embedded in the bitstream. The addressing of a long-term reference buffer is relying on LBI.
For a typical compression coding application, a sliding window mechanism is provided.  Under this mode of operation, a short term frame is stored into a short term buffer in an FIFO manner. If there are unused short term buffers, the incoming short term frames will be stored in the unsed short term buffers so that the existing short term frames in the short term buffer will not be overwritten. If all the short term buffers are used, the oldest reference frame will be overwritten by the new one. The FSN of the reference frame is the ID of that buffer. 

Each long term frame will carry an Index. This index is assigned by the encoder and embedded in the bitstream. If there is a long term buffer that carries the same index, that buffer will be overwritten by the new long term frame and the index remains unchanged. If there is no such buffer that carries the same index, the new long term frame will be stored in one of the unused long term buffers, if there are any. If there is no unused long term buffer and no long term buffer that carries the same index, it shall be treated as an error. An error message shall be sent to the far end through external mean (for example H.245). 

The long term buffer management can also be used to adaptively add and remove pictures in the reference buffers.

Within the same picture, this annex enables the addressing of short-term buffers and long-term buffers on a block basis. 

The source coder may select one or several of the picture memories to suppress temporal error propagation caused by inter-frame coding. The Independent Segment Decoding mode (see Annex R), which treats boundaries of GOBs with non-empty headers or slices as picture boundaries, can be used to avoid spatial error propagation due to motion compensation across the boundaries of the GOBs or slices when this mode is applied to a smaller unit than a picture, such as a GOB or slice. The information to signal which picture is selected for prediction is included in the encoded bitstream. 

The strategy used by the encoder to select the picture to be used for prediction is out of the scope of this Recommendation.
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FIGURE U.1/H.263

Source coder for Enhanced Reference Picture Selection

U.3
Back-Channel messages

The back-channel messages are defined and signaled by external means (e.g. recommendation H.245).

U.4
Syntax

The syntax is altered in the Picture, Group of Blocks (GOB), slice, and macroblock layers. On the Picture, GOB, and Slice layer, an Enhanced Reference Picture Selection layer (ERPS layer) is optionally inserted. 

The syntax for the PLUS header is shown in Figure U.2. The fields of ERPSI, TRPI, TRP, and ERPS are inserted into the PLUS header. 
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FIGURE U.2/H.263

Structure of PLUS Header.

The syntax for the Picture is shown in Figure U.3. 
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FIGURE U.3/H.263

Structure of Picture layer.

The syntax for the GOB layer is shown in Figure U.4. The fields of ERPSI, TRI, TR, TRPI, TRP, and ERPS are added to Figure U.4/H.263.
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FIGURE U.4/H.263

Structure of Gob layer.

When the optional Slice Structured mode (see Annex K) is in use, the syntax of the slice layer is modified in the same way as the GOB layer. The syntax for the Slice layer is shown in Figure U.5.
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 FIGURE U.5/H.263

Structure of Slice layer.

The ERPS layer is shown in Figure U.6.




FIGURE U.6/H.263

ERPS layer.

The macroblock layer syntax is shown in Figure U.7.






FIGURE U.7/H.263

H.263 macroblock syntax layer.

Variable length codes for the NLB, LBI and PR fields are given in Table U.1.

Table U.1/H.263 

Variable length codes for NLB, LBI and PR.

Absolute position 
number 

of bits
Codes

0
1
1

‘x0’+1 (1:2)
3
0x00

‘x1x0’+3 (3:6)
5
0x11x00

‘x2x1x0’+7 (7:14)
7
0x21x11x00

‘x3x2x1x0’+15 (15:30)
9
0x31x21x11x00

‘x4x3x2x1x0’+31 (31:62)
11
0x41x31x21x11x00

‘x5x4x3x2x1x0’+63 (63:126)
13
0x51x41x31x21x11x00

‘x6x5x4x3x2x1x0’+127 (127:254)
15
0x61x51x41x31x21x11x00

‘x7x6x5x4x3x2x1x0’+255 (255:510)
17
0x71x61x51x41x31x21x11x00

‘x8x7x6x5x4x3x2x1x0’+511 (511:1022)
19
0x81x71x61x51x41x31x21x11x00

‘x9x8x7x6x5x4x3x2x1x0’+1023 (1023:2046)
21
0x91x81x71x61x51x41x31x21x11x00

‘x10x9x8x7x6x5x4x3x2x1x0’+2047 (2047:4094)
23
0x101x91x81x71x61x51x41x31x21x11x00

U.4.1
Enhanced Reference Picture Selection layer Indicator (ERPSI) (1 bit)

ERPSI is a one bit field that is present only if Enhanced Reference Picture Selection is indicated in the PLUS header. ERPSI indicates whether the ERPS layer is present. If ERPSI is set to ‘1’, the ERPS layer is present. If ERPSI is set to ‘0’, the ERPS layer is not present. When the ERPS layer is not present, the default Annex U operates in Reference Picture Selection mode (Annex N) but without VideoMux back-channel. The fields TRI, TR, TRPI, and TRP are used as in Annex N of this Recommendation. The decoder operates as specified in Annex N. The macroblock syntax remains unaltered to Annex N.

U.4.2 

Temporal Reference Indicator (TRI) (1 bit)

A code word that is only present on the GOB or Slice layer. TRI indicates whether or not the following TR field is present.

0: TR field is not present.
1: TR field is present.

U.4.3

Temporal Reference (TR) (8/10 bits)

When present, TR is an eight bit number unless a custom picture clock frequency is in use, in which case it is a ten bit number consisting of the concatenation of ETR and TR of the picture header.

U.4.4
Temporal Reference for Prediction Indicator (TRPI) (1 bit)

TRPI indicates whether or not the following TRP field is present.

0: TRP field is not present.
1: TRP field is present.

TRPI shall be equal to zero whenever the picture is an I or EI picture.

U.4.5
Temporal Reference for Prediction (TRP) (10 bits)

TRP is a ten bit number. When present (as indicated in TRPI), TRP has multiple meanings:

When the ERPS layer is not present (ERPSI is set to ‘0’), TRP indicates the Temporal Reference which is used for prediction of the encoding, except in the case of B pictures and the B-picture part of an Improved PB frame.  If a custom picture clock frequency was not in use for the reference picture, the two MSBs of TRP are zero and the LSBs contain the eight bit TR found in the picture header of the reference picture. If a custom picture clock frequency was in use for the reference picture, TRP is a ten bit number consisting of the concatenation of ETR and TR from the reference picture header. For B pictures or the B-picture part of an Improved PB frame, the picture having the temporal reference TRP is used for the prediction in the forward direction. (Prediction in the reverse-temporal direction always uses the immediately temporally-subsequent picture.) When TRP is not present, the most recent temporally-previous anchor picture shall be used for prediction, as when not in the Reference Picture Selection mode. TRP is valid until the next PSC, GSC, or SSC. 

When the ERPS layer is present (ERPSI is set to ‘1’), TRP specifies the base for reference buffer selection of P-Pictures. However, the meaning of TRP will change depending on the addressing mode specified by SFAM (Single Frame Addrerssing Mode) and GAM (General Addressing Mode) in the picture/Slice/GOB layers. For B-pictures or the B-picture parts of an Improved PB frame, the picture with the Frame Sequence Number (FSN) being equal to TRP is used for the prediction in the forward direction. (Prediction in the reverse-temporal direction always uses the immediately temporally-subsequent picture.) If TRP is not present, any arithmetic operations involving TRP shall assume TRP = 0. 

U.4.6
Enhanced Reference Picture Selection layer (ERPS) (Variable Length)

The ERPS layer is present only if Enhanced Reference Picture Selection is indicated and if ERPSI is set to ‘1’.  The ERPS layer consists of the following parameters: 

Frame Sequence Number (FSN)  (8-bit)

FSN is a fixed 8-bit number.  It represents the codded and trasmitted frame count of the encoder. It differs from TR in that it only increases by 1 for each codded and transmitted frame. If a frame is skipped, FSN will not change. This number provides a simple mechanism for detecting packet losses from the decoder side. It also helps the encoder to easily understand what’s wrong in the decoder side upon receiving a message containing this FSN. FSN is also the unique ID of a reference buffer for short-term buffer addressing of no more than 256 buffers.

Number of Long-term Buffers Field Indicator (NLBI) (1-bit)

NLBI is 1-bit fixed field indicating the existance of the next field NLB.

NLBI = 0: NLB field does not exist; the previous NLB shall remain in effect; if  NLB is never received from the encoder, the decoder shall assume that NLB = 0.

NLBI = 1: NLB field exists; the new NLB shall take effect for all of the following frames, until this parameter is updated again.

Number of Long-term Buffers (NLB) (variable length)

NLB indicates the number of long-term buffers shall be used by the encoder and decoder. It shall be ranging from zero to the maximum number of buffers established by Cap exchange through external means (e.g. Recommendation H.245). 

If there are N long-term buffers indicated by the bitstream, the unsed short term reference buffers shall be assigned to long term buffer first. If the unsed short term buffers are not enough, then the short term buffers that hold the oldest reference frames shall be assigned to long term buffers. 

In case there are already M long term buffers, where M < N, N-M new long term buffers shall be added, based on the same principle mentioned above. The newly assigned long term buffers shall be marked unused. In case M >N, then M-N long term buffers with the biggest index shall be assigned back to the short term buffers and be marked unused. In case M=N, no action shall be taken. The encoder should transmitt this information whenever a OPPPTYPE is included in the header or an error message is received. An encoder may choose to send this information more frequently based on error conditions.

Frame Buffer Property (FBP) (1-bit)

FBP is a 1-bit field indicating the property of the incoming frame and the reference buffer that stores this reference frame.

FBP = 0: this reference frame is a short-term frame and shall be stored in the short-term buffer;

FBP = 1: this reference frame is a long-term frame and shall be stored in the long-term buffer.

FBP = 0 also indicates that the next field LBI does not exist;

FBP = 1 also indicates that the next field LBI exists.

Long-Term Buffer Index (LBI) (variable length)

A variable length code word that is present only if FBP =1. The variable code of LBI is listed in Table U.1. LBI will be the ID of the long-term buffer. If there is already a long-term buffer with the same index, that buffer shall be overwritten and the buffer index shall remain the same. If there is no long-term buffer that has the same index, the current frame shall be stored in the unused long-term buffer and marked with an index of LBI. If there is no unused long-term buffer and no long-term buffer that carries the same index, it shall be treated as an error. An error message shall be sent to the far end through external mean (for example H.245). 

Single Frame Addressing Mode (SFAM) (1-bit)

SFAM is a 1-bit field that indicates the addressing mode of the following macroblocks until another SFAM in the GOB/Slice layer is received. The new SFAM shall overwrite the old one.

SFAM = 1: 

The following macroblocks use a single reference buffer for prediction; the macroblock layer syntax shall be the same as if ERPS is not used; the fields MAM, PR0, BAM1, PR, BAM2, PR2, BAM3, PR3, BAM4, and PR4 in the macroblock layer shall not exist; the general addressing mode (long-term buffer or shoer-term buffer) of the following macroblocks is indicated by GAM field; The reference buffer index (Frame sequence number for short-term buffer and long-term buffer index for long-term buffer) is indicated by TRP; when TRP does not exist, it shall assume that TRP = 0.

SFAM = 0: 

The following macroblocks use multiple reference buffers for prediction; The syntax in the macroblock layer follows the standard for ERPS.

General Addressing Mode (GAM) (variable length)

GAM is a variable length field that indicates the general addressing mode of the following macroblocks until another GAM in the GOB/Slice layer is received. The new GAM shall overwrite the old one. 

GAM = 0: 

The following macroblocks are using short-term buffers for prediction only; the macroblock layer parameters MAM, BAM1, BAM2, BAM3, and BAM4 do not exist; TRP and PR0, PR, PR2, PR3, and PR4 are used for reference selection based on FSN.

If COD is set to 1, no further information is transmitted for this macroblock. In that case, the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, Frame sequence number equal to TRP, and with no coefficient data.

If PR0 is not set to zero, no further information is transmitted for this macroblock; in that case the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, Frame sequence number equal to PR0 + TRP, with no coefficient data. Note that if PR0 + TRP is more than the wordlength of the FSN (8-bit) in the bitstream, the most significant bits shall be ignored. This is achieved by a mask operation as below:

#define FSNWordlength 
8

Mask = (1 << FSNWordlength) – 1;

FSN = (PR0 + TRP) & Mask;

If PR0 is set to zero, the macroblock is coded. The meaning of MCBPC, MODB, CBPB, CBPY and DQUANT remains unchanged. The fields PR and TRP are used for reference buffer addressing for single vector case, and PR, PR2, PR3, PR4 and TRP are used whenever 4 motion vectors are used. 

PR + TRP is the FSN of the reference buffer for the macroblock (one vector case) or for the first block (4mv case);

PR2 + TRP is the FSN of the reference buffer for the second block (4mv case);

PR3 + TRP is the SFN of the reference buffer for the third block (4mv case);

PR4 + TRP is the SFN of the reference buffer for the fourth block (4mv case);

Note that again, if PRi + TRP is more than the wordlength of the FSN field (8-bit), the most significant bits shall be ignored. The arithmetic method mentioned above for PR0 will be used for the calculation of FSN.

GAM = 10: 

The following macroblocks are using long-term buffer addressing only; the macroblock layer parameters MAM, BAM1, BAM2, BAM3, and BAM4 do not exist; TRP and PR0, PR, PR2, PR3, and PR4 are used for reference selection based on LBI (Long-term buffer index).

If COD is set to 1, no further information is transmitted for this macroblock. In that case, the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, long term buffer index (LBI) equal to TRP, and with no coefficient data.

If PR0 is not set to zero, no further information is transmitted for this macroblock; in that case the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, long term buffer index (LBI) equal to (PR0 + TRP), with no coefficient data. 

If PR0 is set to zero, the macroblock is coded. The meaning of MCBPC, MODB, CBPB, CBPY and DQUANT remains unchanged. The fields PR and TRP are used for reference buffer addressing for single vector case, and PR, PR2, PR3, PR4 and TRP are used for 4mv reference buffer addressing. 

PR + TRP is the long term buffer index (LBI) of the long-term reference buffer for the macroblock (one vector case) or for the first block (4mv case);

PR2 + TRP is the long term buffer index (LBI) of the long-term reference buffer for the second block (4mv case);

PR3 + TRP is the long term buffer index (LBI) of the long-term reference buffer for the third block (4mv case);

PR4 + TRP is the long term buffer index (LBI) of the long-term reference buffer for the fourth block (4mv case); 

GAM = 11:

This indicates that the following macroblocks are using mixed addressing modes; the reference buffers used for prediction could be long-term buffers and/or short-term buffers. In this case, a variable-length field MAM (Macroblock addressing mode) is included in the macroblock header before the COD to indicate the addressing mode for this macroblock. 

U.4.7 

Macroblock Layer (variable length)

The macroblock layer syntax is modified against H.263 version 2 syntax for P-Pictures, if SFAM = 0 (meaning that multiple reference buffers are used for prediction).  MAM (macroblock addressing mode) is inserted if GAM = 11 (meaning that the GOB/slice layer addressing mode was mixed). If MAM = 11, COD and PR0 fields for this macroblock do not exist and they shall be assumed to have the meaning of COD = 0, and PR0 = 0. If PR0 is set to zero, the macroblock is coded. The meaning of MCBPC, MODB, CBPB, CBPY and DQUANT remains unchanged. The PR field is included together with the field MVD for all INTER macroblocks (in PB frames mode also for INTRA macroblocks). 

If MAM exists and MAM = 11, four code words BAM1, BAM2, BAM3, and BAM4 are included to indicate the addressing mode of each of the 4 possible blocks under 4 motion vector mode as indicated by PTYPE  and specified by MCBPC.

Three code words PR2, PR3, and PR4 are also included if 4 motion vectors are used for prediction as indicated by PTYPE  and specified by MCBPC. 

Macroblock Addressing Mode (MAM) (Variable length)
MAM field is included in the macroblock layer only if GAM = 11 in the previous GOB/Slice/Picture layer. The scope of MAM is only within the current macroblock. It does not affect other macroblocks.

MAM = 0:

This indicates that this Macroblock addressing mode is short-term buffer addressing using FSN; BAM1, BAM2, BAM3, and BAM4 fields for this macroblock do not exist; the calculation of FSN for addressing the reference buffers is same as in the case of GAM = 0; the meanings of the other fields for this macroblock are also the same as in the case of GAM = 0.

MAM = 10:

This indicates that this macroblock addressing mode is long-term buffer addressing using long-term buffer index (LBI); BAM1, BAM2, BAM3, and BAM4 fields for this macroblock do not exist; The calculation of LBI for addressing the reference buffers is same as in the case of GAM = 10; the meanings of the other fields for this macroblock are also the same as in the case of GAM = 10.

MAM = 11:

This indicates that this macroblock-addressing mode is still mixed for the 4 blocks; there will be a 1-bit  extra field (BAM1, BAM2, BAM3, and BAM4) for each of the 4 possible motion vectors to indicate the block-addressing mode. Note that this shall only happen under 4-motion vector case.  If this happens under non-4mv case, it shall be treated as bitstream error. Under this mode,  COD and PR0 fields for this macroblock do not exist and they shall be assumed to have the meaning of COD = 0, and PR0 =0. 

Block Addressing Mode (BAM) (1-bit)

BAM1, BAM2, BAM3, and BAM4 are included in the macroblock layer to indicate the addressing mode of each of the 4 blocks under 4 motion vector case. BAM shall exist only if MAM is included in the Macroblock layer and MAM = 11. Note that this shall not happen when 4 motion vectors are not used. The scope of BAM is only within the current block. It has no effect on any other blocks.

BAM = 0:

This indicates that this block addressing mode is short-term buffer addressing using FSN; The calculation of FSN for addressing the reference buffer is same as in the case of GAM = 0;

BAM = 1:

This indicates that this block addressing is long-term buffer addressing using LBI (long-term buffer index);  the value of PRi (PR, PR2,  PR3 or PR4),  is directly used for addressing of the long-term buffer using LBI. Note that this is different from the long-term buffer addressing in the macroblock level where TRP + PRi was used for the long-term buffer addressing.

DQUANT





MAM





MVD2





COD





PR0





MCBPC





MODB





CBPB





CBPY





PR2





GAM





SFAM





LBI





FBP





NLB





NLBI





FSN





BAM2





MVD





PR





BAM1





MVD4





PR4





BAM4





MVD3





PR3





BAM3





MVDB





Block Data








_1019374726.doc
PLUS PTYPE

CPM

PSBI

CPMFT

EPAR

CPCFC

ETR

UUI

SSS

ELNUM

RLNUM

RPSMF





ERPSI



TRPI

TRP



ERPS layer






_1019375541.doc
SSTUF

SSC

SEPB1

SSBI

MBA

SEPB2

SQUANT

SWI

SEPB3

GFID







ERPSI



TRI

TR



TRPI

TRP



ERPS layer



Macroblock Data




_1019375813.doc
PSC

TR

PTYPE

PLUS  HEADER

PQUANT

CPM

PSBI

TRB

DBQUANT

PEI

PSUPP





GOB LAYER



EOSBS

ESBI





ESTUFF



SLICE LAYER



EOS







PSTUF












_1019374928.doc


GSTUF

GBSC

GN

GSBI

GFID

GQUANT





ERPSI



TRI

TR



TRPI

TRP



ERPS layer



Macroblock data






_1001934409.doc


PMM-1







PM1







PM0







Picture Memory







T







Q







P







PM







CC







p







t







qz







q







v







Transform







Quantizer







Picture Memory with motion compensated variable delay







Coding control 







Flag for INTRA/INTER







Flag for transmitted or not







Quantizer indication







Quantizing index for transform coefficients







Motion vector







P







T







–1







–1







To







video







multiplex







coder







Video







in







v







q







qz







t







p







Q







Q







CC







T












