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Summary
This document presents a proposed draft for Annex U specifying the optional Enhanced Reference Picture Selection mode. This document contains the highlighted changes as agreed upon an the Berlin meeting.

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, it can 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. This mode has two back-channel mode switches which define whether a backward channel is used and what kind of messages are returned on that backward channel from the decoder. The two back-channel mode switches of this mode determine the type of messages sent on the back-channel, specifying whether ACK (acknowledgment messages), or NACK (non-acknowledgment messages) are sent.  Together, the two switches define four basic methods of operation:

1.
NEITHER: 
In which no back-channel data is returned from decoder to encoder,

2.
ACK: 

In which the decoder returns only acknowledgment messages,

3.
NACK: 

In which the decoder returns only non-acknowledgment messages, and

4.
ACK+NACK: 
In which the decoder returns both acknowledgment and non-acknowledgment messages.

The specific type of messages to be sent as outlined above is indicated in the picture header.

For coding efficiency, motion compensation can be extended to multi-frame prediction. The extension of motion compensation to multi-frame prediction is achieved by extending the motion vector by a picture reference parameter which may be used to address a block for motion compensation in each of the multiple reference pictures. The picture reference parameter is a variable length code specifying a buffer index. For that, the reference pictures are assembled in a buffering scheme that can be controlled by the encoder. The combination of the buffering scheme with the error resilience capabilities enables the use of Reference Picture Selection (Annex N). Moreover, a CRC is specified to detect buffer misalignment between encoder and decoder. The specifications determine the extensions to the syntax for the frame buffering scheme and the macroblock syntax.

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 level. A picture buffering scheme with relative indexing is employed for efficient addressing of pictures in the multi-frame buffer. The multi-frame buffer control may work in several modes of operation. For example, a sliding window over time can be accommodated by the buffer control unit. Past decoded and reconstructed pictures starting with the immediately preceding one ending with the picture which is decoded M time instants before are collected in the picture memories AP0... APM-1. If the number of pictures maximally accommodated by the multiple reference picture buffer corresponds to M, the motion estimation when coding picture m, if 0M, the maximum number of pictures M can be used. Alternatively, an adaptive buffer control can be utilized.
M-1, can utilize m pictures. In case mm
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.


[image: image1.wmf]CC

T

Q

Q

T

p

t

qz

q

v

Video

in

To

video

multiplex

coder

–1

–1

T

Q

P

AP

CC

p

t

qz

q

v

Transform

Quantizer

Picture Memory with motion compensated variable delay

Additional Picture Memory

Coding control

Flag for INTRA/INTER

Flag for transmitted or not

Quantizer indication

Quantizing index for transform coefficients

Motion vector

P

AP

1

AP

2

AP

n


FIGURE U.1/H.263

Source coder for Enhanced Reference Picture Selection

U.3
Back-Channel messages

An out-of-band channel, which does not have to be reliable, can be used to convey backchannel messages.  The syntax of this out-of-band channel (which will usually be a separate logical channel of H.223 or H.225.0) should be the one defined in Annex N.

U.4
Syntax

The syntax is altered in the Picture, Group of Blocks (GOB), slice, and macroblock layer. On the Picture, GOB, and Slice layer, an Enhanced Reference Picture Selection layer (ERPS layer) is optionally inserted. Furthermore, a TR check is optionally inserted at the Picture or GOB or Slice layer as well. 

The syntax for the PLUS header is shown in Figure U.2. The fields of ERPSI, TRPI, TRP, ERPS, and TRCI are inserted into the PLUS header. The fields ERPSI, TRPI, TRP, ERPS, and TRCI are added to Figure 8/H.263.



FIGURE U.2/H.263

Structure of PLUS Header.

The syntax for the Picture is shown in Figure U.3. The field of TRC is inserted into the Picture layer. The field TRC is added to Figure 7/H.263.




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, ERPS, TRCI, and TRC are added to Figure 9/H.263.



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.



 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.

Variable length codes for the PR field are given in Table U.1.

Table U.1/H.263 

Variable length codes for the picture reference parameter.

Absolute position indicated by 

picture reference parameter (PR)
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.4.1.1
Enhanced Reference Picture Selection layer Indicator (ERPSI) (1 bit)

ERPSI is a bit 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. The picture buffering scheme at the decoder is reset.

U.4.1.2
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.4.1.3
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.4.1.4
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.4.1.5
Temporal Reference for Prediction (TRP) (10 bits)

TRP is a ten bit number.  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.

When present (as indicated in TRPI), TRP has two meanings:

1. 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. 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. 

2. When the ERPS layer is present (ERPSI is set to ‘1’), TRP specifies that all pictures in the complete multi-frame buffer having buffer-index less than the picture associated with TRP are not used for motion compensation. The picture in the multi-frame buffer assigned to TRP has buffer index 0, the pictures in the multi-frame buffer having buffer-index greater than the picture associated with TRP are available for motion compensation. It is assumed that the decoder replicates the multi-frame buffer of the encoder according to the specified buffering mode. The TRs are attached to the buffered frames. If TRP is not present, the buffer remains as assembled.

U.4.1.5
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 specifies the buffer indexing to decode the current frame. The Number of Reference Picture Active (NRPA) indicates how many reference pictures out of the multi-frame buffer are used for motion compensation. The Reference Picture Buffer Sub-sampling mode (RPBS) indicates what kind of pointer table is used to reference the NRPA frames in the multi-frame buffer. If RPBS indicates the use of a pointer table other than incrementally indexing according to the assembled buffering scheme, the field of Reference Picture Selection (RPS) is present to specify the used pointer table. Moreover, the ERPS layer specifies the buffering of the currently decoded frame. The Reference Picture Buffering mode specifies the buffering of the currently decoded frame. Two modes are specified. The Sliding Window mode operates as a (First-In-First-Out) FIFO buffer. The Adaptive Remove/Add Picture (ARAP) mode permits a more general buffering scheme. The fields of RPI, RPP, API, and APP are present if the ARAP mode is selected permitting flexible buffer handling.

Number of Reference Pictures Active (NRPA) (Variable Length)

NRPA is a variable length code word that is present only if Enhanced Reference Picture Selection layer is present. NRPA specifies the number of active reference frames for decoding the current picture. The NRPA field is transmitted using Table U.1. The corresponding index in Table U.1 is equal to NRPA-1. If NRPA indicates the use of only 1 reference picture (index=0), the macroblock syntax remains unchanged. If the picture coding type indicates an Intra picture the NRPA field is not present.

Reference Picture Buffer Sub-sampling mode (RPBS) (Variable length)

RPBS is a variable length code word that is present only if the Enhanced Reference Picture Selection layer is present. RPBS indicates the multiple reference picture buffer sub-sampling mode. The RPBS code word does not change the buffering of decoded reference frames. It provides a pointer table to use for decoding the currently transmitted frame. The RPBS mode is applied relative to the shifted buffer indexing if TRP is present. Otherwise, it is applied to the complete buffer. If the picture coding type indicates an Intra picture the NRPA field is not present.

Table U.2/H.263.

Modes of operation for Reference Picture Buffer Sub-sampling.

Code word
RPBS mode

‘0’
No sub-sampling

‘10’
Sub-sampling

‘11’
Reserved for future use

If RPBS is set to ‘0’, meaning no sub-sampling, all pictures in the multiple reference picture buffer starting from index 0 ending with index NRPA-1 may be utilized for prediction. The picture indexing is kept the same. If RPBS is set to ‘10’, meaning sub-sampling, the multiple reference picture buffer is sub-sampled. The sub-sampled NRPA reference pictures are indexed as 0 through NRPA-1 in the order of their selection using the following RPS field.

Number of Indices to be Remapped (NIR)
A variable length code word that is present only if Enhanced Reference Picture Selection layer is indicated and the RPBS is set to ‘10’. The code table for the picture reference parameter (PR) given in Table U.1 is used to indicate the number of indices for which an index mapping is transmitted. The indices for which no index mapping is transmitted are used in their default incremental order by removing those index values with index mapping.
Reference Picture Selection (RPS) (Variable length)

A variable length code word that is present only if Enhanced Reference Picture Selection layer is indicated and the RPBS is set to ‘10’. The code table for the picture reference parameter (PR) given in Table U.1 is used to indicate which picture is to be sampled out of the multiple reference picture buffer. The RPS code word is transmitted as many times as the value of the NIR symbol. The buffer-indexing applied to decode the current picture follows the order of the selection in increasing numbers.
Reference Picture Buffering mode (RPB) (Variable length)

A variable length code word that is present only if the Enhanced Reference Picture Selection layer is indicated. RPB specifies the buffering of the currently decoded picture. RPB is carried out relative to the indexing of the complete buffer. The multiple reference picture modes are signaled using a two bit code word. The two modes are specified in Table U.1.

Table U.3./H.263

Modes of operation for multiple reference picture buffer management.

Code word
RPB mode

‘0’
Sliding Window

‘10’
Adaptive Remove/Add Picture

‘11’
Inherited RPB mode

The Sliding Window mode stands for removing the picture with the largest index in the complete buffer in case the multiple reference picture buffer is full, and adding the currently decoded picture at position 0 to the multiple reference picture buffer. In case the multiple reference picture buffer is not full, no frame is removed from the buffer. The Adaptive Remove/Add Picture mode stands for a more general version of the sliding window mode. Here any picture can be removed from the multiple reference picture buffer while the currently decoded picture can be inserted at any position into the buffer. Finally, the Inherited RPB mode stands for applying the RPB mode specified in the Picture layer in the GOB or Slice layer. This mode is not valid if chosen in the Picture layer.

Remove Picture Indication (RPI) (1 bit)

RPI is a fixed length code word that is present only if the Enhanced Reference Picture Selection layer is present and if the RPB code is set to ‘10’. If RPI is set to ‘0’, no picture is removed from the memory unless a picture is added and the multiple reference picture memory is full. In that case, the picture with the largest index index in the complete buffer is removed from the multiple picture memory (see Sliding Window mode). If RPI is set to ‘1’, a picture is removed from the multiple picture memory and the RPP field is following.

Remove Picture Position (RPP) (Variable length)

RPP is a variable length code word that is present only if the Enhanced Reference Picture Selection layer is present and if RPI is set to ‘1’. The code table for the picture reference parameter (PR) as given in Table U.1 is used to specify the index m of the picture that is to be removed from the multiple reference picture buffer. After removing the indexed picture from the mth position in the multiple reference picture buffer, the indexes greater than m are decrement by one.

Add Picture Indication (API) (1 bit)

API is a fixed length code word that is present only if the Enhanced Reference Picture Selection layer is indicated and if the RPB code is ‘10’. If API is set to ‘0’, the currently decoded picture is not added to the multiple picture memory. If API is set to ‘1’, the currently decoded picture is added to the multiple picture memory and the APP field is following.

Add Picture Position (APP) (Variable length)

APP is a variable length code word that is present only if the Enhanced Reference Picture Selection layer is present and the API is set to ‘1’. The code table for the picture reference parameter (PR) as given in Table U.1 is used to indicate at which position the currently decoded frame is to be added to the multiple frame memory. After adding the currently decoded frame at the míth position in the multiple frame memory, the indexes greater or equal than m are incremented by one.

TR Check Indicator (TRCI) (1 bit)

TRCI is a fixed length code word that is present only if the Enhanced Reference Picture Selection layer is present. TRCI indicates whether the TRC field which is placed after the macroblock layer is present. A value of 0 indicates that TRC is not present. A value of 1 indicates that TRC is present.

TR Check (TRC) (12 bit)

A fixed length code word that is present only if TRCI has a value of 1. When present, TRC is a 12 bit field that is generated by calculating a cyclic redundancy check (CRC) over a set of TR fields. Its purpose is to assure that the encoder and decoder use the same reference frames for prediction when using the picture reference parameter (PR) at the macroblock layer. Though this is not necessary in error free environments, a mismatch between the content of the reference picture buffer at the encoder and decoder may result from transmission errors. In this case it is important to detect the mismatch at the decoder in order to initiate appropriate recovery mechanisms, e.g. requesting a fast INTRA update. Using TRC it is possible to detect the mismatch by comparing the received value with the locally generated CRC.

The CRC is calculated as follows. First, the appropriate set of TRs must be determined. For each transmitted PR in the macroblock layer, the corresponding TR is selected. If a PR is selected, it is labeled not to be used for CRC again. Second, a message block is built from the selected set of TRs. The TR values are represented by 10-bit numbers and concatenated to the message block in the order of their transmission in the macroblock layer. Finally, in the third step, the CRC is calculated from the message block. The generator polynomial is g(x) = x12 + x11 + x3 + x2 + x + 1. The resulting 12-bit CRC is assigned to TRC. 

U.4.1.6
Macroblock layer syntax

The macroblock layer syntax is modified if the number of selected reference pictures (NRPA value) is greater than one. The field NRPA is signaled in the ERPS layer. If the COD bit 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, picture reference parameter equal to zero, and with no coefficient data. If the COD bit is set to "0", indicating that the macroblock is coded, the syntax of the macroblock layer is depicted in Figure U.8 with the fields PR0, PR, PR2, PR3, and PR4 being inserted into Figure 10. PR0, PR, PR2, PR3, and PR4 consist of a variable length code word as given in Table U.1. 

If the field 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, picture reference parameter equal to PR0, and with no coefficient data. If three times PR0 is set to 1 (code word ‘000’ is transmitted), a bit ‘1’ is inserted to prevent start code emulations.

If the field PR0 is set to zero, the macroblock is coded. The meaning of fields MCBPC, MODB, CBPB, CBPY, and DQUANT remains unaltered. The field PR is included together with the field MVD for all INTER macroblocks (in PB frames mode also for INTRA macroblocks). 

The three code words PR2-4 are included together with MVD2-4 if indicated by PTYPE and if MCBPC specifies the INTER4V type. PR2-4 and MVD2-4 are only present when in Advanced Prediction mode (see Annex F) or Deblocking Filter mode (see Annex J).




FIGURE U.7/H.263

H.263 macroblock syntax layer.

U.5
Decoder Process

The decoder of this mode may need an additional number of picture memories to store the decoded video signals and their Temporal Reference (TR) information. If the Enhanced Reference Picture Selection layer is present, the decoder stores the reference pictures for inter-frame decoding in a multi-frame buffer-based scheme with buffer indexes. When the field of TRP is present, the buffer indexes are modified. The reference picture that is addressed with TRP is associated with buffer index 0. The reference pictures associated with indexes greater than the TRP picture are assigned new indexes. These indexes are given by subtracting the old indexes of these pictures by an offset that is the value of the old index of the TRP picture. The indexes into the buffer can be further re-arranged by the reference picture buffer sub-sampling mode. The buffering of the currently decoded picture can be specified using the reference picture buffering mode. The buffering may follow a first-in, first-out mode. Alternatively, the buffering may follow a customized adaptive scheme specified by the encoder in the forward channel. 

When any employed reference picture is not available at the decoder or the CRC for the TRs in the multi-frame buffer indicates an error, the decoder may send a forced INTRA update signal to the encoder by external means (see for example Recommendation H.245). The decoder replicates the multi-frame buffer of the encoder according to the specified buffering mode. The TRs are attached to the buffered frames. The buffering scheme is operated also when partially erroneous frames are decoded according to the specified buffer mode information. 

Multi-frame motion compensation proceeds in a similar way as Reference Picture Selection. They differ in that, the reference picture is variable as indicated in the PR. In case four motion vectors per macroblock are used and the NRPA field indicates the use of more than one reference picture, the motion vector for both chrominance blocks is inherited from the first of the four motion vectors. For that, the motion vector for both chrominance blocks is derived by dividing the component values of the first of the four macroblock values by two, due to the lower chrominance format. The component values of the resulting quarter pixels resolution values are modified towards the nearest half pixel position as indicated in Table 18.

If the Enhanced Reference Picture Selection layer is not present, the mode is operated as if Reference Picture Selection (see Annex N) were enabled without VideoMux back-channel.

Finally, let us give an example for a possible operation of this mode:
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1. Assume a complete multi-frame buffer with 5 frames as externally negotiated:
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2. Assume TRP is transmitted as 14. The buffer indexing is then modified as:
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3. Further, assume NRPA is transmitted as 2. RPBS is set to ‘10’. Two RPS code words are transmitted as: {2, 0}. The buffer indexing is modified as:



TR�

 10�

 12�

 14�

 16�

 18�

�

  Index�

0�

 X�

 1�

 X�

 X�

�

Using this buffer, the current frame is decoded using the multi-frame motion compensation as specified in the macroblock layer.







4. Assume in the macroblock layer, PR=1 is transmitted first, PR=0 is transmitted later. The resulting message block is 00000010100000001110 and TRC is 101001000101.







5. Assume the TR of the currently decoded frame is 20. The RPB mode is set to adaptive remove/add. RPI is set to ‘1’. RPP is transmitted as 3, since frame 12 has been detected as errorneously decoded. The complete multi-frame is modified to
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6. Assume API is set to ‘0’. The complete multi-frame is modified to
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1. Assume a complete multi-frame buffer with 5 frames as externally negotiated:
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2. Assume TRP is transmitted as 14. The buffer indexing is then modified as:
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Index X means that this frame is not used.


3. Further, assume NRPA is transmitted as 2. RPBS is set to ‘10’. NRI is set to 1. One RPS code wordis transmitted as: {2}. The buffer indexing is modified as:
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Using this buffer, the current frame is decoded using the multi-frame motion compensation as specified in the macroblock layer.


4. Assume in the macroblock layer, PR=1 is transmitted first, PR=0 is transmitted later. The resulting message block is 00000010100000001110 and TRC is 101001000101.


5. Assume the TR of the currently decoded frame is 20. The RPB mode is set to adaptive remove/add. RPI is set to ‘1’. RPP is transmitted as 3, since frame 12 has been detected as erroneously decoded. The complete multi-frame buffer is modified to
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6. Assume API is set to ‘0’. The complete multi-frame buffer is modified to
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