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Summary

This document presents an extension of Annex U to provide enhanced error resilience in case of packet errors that cause the loss of one or several pictures. The new approach can help to align the multi-frame buffers at encoder and decoder. The basic principle is to transmit the Temporal References (TRs) of the pictures that are used for motion compensation. If the decoder detects a missing picture, it can either conceal the pictures and continue decoding or request an INTRA update.

The number of bits to transmit all TRs of the reference picture may be prohibitive, since each TR requires at least 8 bits and if, for example, 10 reference pictures are used we would have to transmit 80 bits per picture or GOB or Slice. Hence, the TRs are transmitted as differences, which reduces the bit-rate if temporally close pictures are employed. Moreover, the encoder can choose to specify a fraction of the total number of TRs to further reduce the number of bits.  

In the following, the syntax and the decoder process of the new approach are described. After that, an example is given to further illustrate how this approach helps to align the multi-frame buffers at encoder and decoder. Experimental results are given that verify the efficiency of the new mode. Finally, the modified Annex U text is presented, where the changes regarding this new mode are marked.

Syntax of the "TR-Based Re-Mapping" RPBR mode

The approach requires an extension of the current Annex U syntax, which is the inclusion of a 

"TR-Based Re-Mapping" RPBR mode

(While editing Annex U, I re-named the RPBS (Reference Picture Buffer Sub-sampling) to RPBR (Reference Picture Buffer Re-mapping), for proposed editorial changes please refer to doc. Q15-J-49)

The "TR-Based Re-Mapping" RPBR mode is specified by the RPBR code word "11" which has not been used so far. If the "TR-Based Re-Mapping" RPBR mode is specified, the meaning of the RPS field changes, in that it corresponds to absolute differences of TR values which are called TRDs. This mode requires only one additional field which is following the RPS field if the "TR-Based Re-Mapping" RPBR mode is indicated: RPSS (Reference Picture Selection Sign) which indicates the sign of the TRDs.

Decoder Process of the "TR-Based Re-Mapping" RPBR mode

If the ERPS layer is present, the decoder stores the reference pictures for inter-frame decoding in a multi-frame buffer. The indexing of the pictures is determined by the prior sent buffering information (RPB) and the decoder process starts with this initial multi-frame buffer. Each picture in the initial multi-frame buffer is clearly identified by the attached TR value and can be addressed by the "initial index". The "initial index" refers to the addressing of the frames in the physically assembled multi-frame buffer. The RPBR mode "TR-Based Re-Mapping" enables the transmission of a "re-mapping index" using TRs. This RPBR mode provides enhanced error resilience.

The "TR-Based Re-Mapping" RPBR mode provides the tool to transmit the temporal references of the reference pictures. As for the "Index-Based Re-Mapping" RPBR mode (in the Geneva document named as "Sub-mapping" RPBS mode), a "re-mapping index" is specified, but here using TRs. This way the decoder knows exactly which pictures are used for motion compensation at the encoder. It is also possible to transmit a fraction of the TRs of all reference pictures. If the decoder detects that the encoder references a picture that is not available, it can use this information to synchronize the buffer with concealed reference frames. Though, this mode provides increased error resilience, it also increases the bit-rate to transmit the "re-mapping indices". The bit-rate can be reduced via transmitting relative TRs. This works if temporally close pictures are likely to be reference pictures.

The TRs are transmitted as relative TR values called TRDs. The first transmitted TRD is computed as the difference between the TR of the current picture and the TR of the picture with "re-mapping index" 0 using the RPS field. Then the RPSS field is following and indicates the sign of the difference. The next transmitted TRD is computed as the difference between the TR of the picture with "re-mapping index" 1 and the picture with "re-mapping index" 0 followed by the RPSS field. RPS and RPSS are transmitted as many times as indicated by NRI, where the m"th RPS and RPSS field correspond to the difference between the TR of the picture with "re-mapping index" m and "re-mapping index" m-1. NRI transmitted TRDs lead to NRI different TR values which correspond to the reference pictures with "re-mapping indices" 0,...,NRI-1. The remaining reference pictures are used in the default order and are assigned to the "re-mapping indices" NRI,...,NRPA-1. The default order is the indexing that is given by the "initial index" when excluding those pictures that are indicated using the "re-mapping indices" 0,...,NRI-1.

When in the "TR-Based Re-Mapping" RPBR mode, the transmitted TRs are used to provide the re-mapping functionality of the RPBR mode and to inform the decoder about the TRs in the multi-frame buffer. If the decoder detects a missing picture, it invokes a concealment and inserts the concealed picture into the multi-frame buffer.  Missing pictures are identified if the transmitted TRDs specify a TR that is not stored in the multi-frame buffer.  Concealment is conducted by copying the closest temporally preceding picture which is available in the multi-frame buffer into the position of the missing picture. The temporal order of the pictures in the multi-frame buffer is given by their TR field which is attached to them during the buffer management process as specified in this annex. If no concealment can be conducted, then the decoder may send a forced INTRA update signal to the encoder by external means (for example Recommendation H.245). A concealed picture is inserted into the multi- frame buffer using the "Sliding Window" RPB mode. If a missing picture is detected when decoding a GOB or Slice layer, the concealment is applied to the picture as if the missing picture would be detected on the picture layer.

Example for the operation of the "TR-Based Re-Mapping" RPBR mode

An example for the use of this RPBR mode is illustrated in Figs. 1 and 2. Fig. 1 shows the buffer status at encoder and decoder for the case that the pictures with TRs 16 and 18 have been lost (as indicated by the X). The buffer indices at encoder and decoder differ leading to a mismatch which can also propagate over time.
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FIGURE 1

Illustration of the ‘TR-Based Re-Mapping’ RPBR mode: buffer status at encoder and decoder when the pictures with TRs 16 and 18 have been lost.

The next picture that is transmitted has a TR value of 20. Attached to this picture is the following message: RPBR=’11’ (TR-Based Re-Mapping), NRI=3, RPS=2, RPSS=’1’(->TRD=2), RPS=2, RPSS=’1’(->TRD=2), RPS=2, RPSS=’1’(->TRD=2).  This message provides the information that the pictures with indices 0, 1, and 2 correspond to TR values of 18, 16, and 14, respectively. The decoder notices that the pictures with TRs 16 and 18 are not contained in the buffer. Hence, frames 16 and 18 are concealed via copying the content of the frame with TR value 14. Starting with the oldest picture, the concealed pictures are inserted into the multi-frame buffer using the ‘Sliding Window’ buffering mode. The index at the decoder is adjusted to the TR message.
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FIGURE 2

Illustration of the ‘TR-Based Re-Mapping’ RPBR mode: buffer status at encoder and decoder after receiving and processing the sequence of TRDs that are transmitted using RPS and RPSS.

The TR-Based Re-Mapping mode does insert concealed pictures into the multi-frame buffer using the ‘Sliding Window’ buffering mode. If in the past a different buffering mode has been used, the order of the pictures in the multi-frame buffer may differ. This problem can be prevented by transmitting the TRDs for all referenced pictures in case the ‘Sliding Window’ buffering mode is not used. 

Experimental Results

Experiments are conducted to verify the efficiency of the proposed approach. For that, the sequences Container Ship, Foreman, Silent Voice and Tempete are encoded at a fixed QP=7, with 5 and 10 % minimum percentage of INTRA-coded macroblocks. For all cases, a frame is transmitted as one packet. Various transmission scenarios are considered, where either 0, 3, 5, and 10 % packet losses occur. These packet losses occur randomly and the presented results correspond to the average over 30 transmission experiments.

Two cases are compared:

1. TMN-10 + Annex U with 10 reference frames (ANCHOR)

2. TMN-10 + Annex U with 10 reference frames + the PROPOSED “TR-Based Re-Mapping” RPBR mode

The latter case employs 3 transmitted TRDs resulting in an overhead number of 10-15 bits per picture.

Sequence
Scheme
Bit-Rate


Number of

Intra MBs
Number of Lost Pictures:



[kbit/s]
[%]
0 %
3 %
5 %
10 %

Container
Anchor
40.71
5
35.18
33.48
32.62
30.54

Ship
Proposed
40.82
5
35.18
34.06
33.44
31.84

Foreman
Anchor
94.35
10
34.93
30.19
28.52
24.85


Proposed
94.46
10
34.93
30.85
29.08
25.91

Silent
Anchor
77.11
6
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33.42
32.44
30.54
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Proposed
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6
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31.21

Tempete
Anchor
287.56
5
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26.04
23.12
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24.27
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The proposed scheme clearly outperforms the anchor in case of packet losses. 

Modifications of Annex U

The proposed mode has the following mandatory changes to Annex U:

1. The new RPBR mode “TR-Based Re-Mapping” has to be specified

2. The meaning of the RPS word depends on the RPBR mode

3. A new field has to be inserted which is the sign of the TRDs: RPSS

4. The TRP field can be disabled in case the ERPS layer is present, since the TRP field can be replaced by the “TR-Based Re-Mapping” RPBR mode. The removal of this field is a simplification of Annex U.

In addition, the following (non-mandatory) syntax changes to enable the TR-Based Re-Mapping RPBR mode to further simplify Annex U are included 

1. Removal of the TRCI and TRC fields, since the detection of buffer misalignment can be done using the “TR-Based Re-Mapping” RPBR mode.

2. Removal of the APP field. If the insertion of a picture is indicated (using the API bit) it is always inserted at position 0 into the multi-frame buffer.

In the following, the version of Annex U including the editorial changes from Q15-J-49 is modified to enable the TR-Based Re-Mapping RPBR mode. The mandatory changes are indicated using bold letters, while the (non-mandatory) simplifications are indicated using italics.

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 and the allowed fragmentation of that picture memory into minimum picture units (MPUs) for Reference Picture Pruning as defined herein may also be signaled by external means to help the memory management at the encoder.  The use of this mode shall be indicated by setting the formerly-reserved bit 16 of the optional part of the PLUSPTYPE (OPPTYPE) to ‘1’.  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.

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). The specifications determine the extensions to the syntax for the frame buffering scheme and the macroblock syntax.

The Enhanced Reference Picture Selection mode contains a feature called Sub-Picture Removal. The purpose of Sub-Picture Removal is to reduce the amount of memory required to save multiple reference pictures. The memory reduction is accomplished by partitioning each reference picture into sub-pictures. While encoding, the encoder may remove sub-pictures from reference pictures in the multi-frame buffer.

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 PM0...PMM-1. If the number of pictures maximally accommodated by the multi-frame 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.
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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) may optionally be inserted. On the macroblock layer, picture reference parameters are specified to enable multi-frame motion compensation.

U.4.1
Syntax of the Picture, GOB, and Slice layer

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.
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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.
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Structure of Slice layer.

The ERPS layer is shown in Figure U.6.


FIGURE U.6/H.263

Structure of the ERPS layer.

Variable length codes for the NRPA, NRI, RPS, RPP, APP, NPR, IPR, and PR fields are given in Table U.1.

Table U.1/H.263

Variable length codes for NRPA, NRI, RPS, RPP, APP, NPR, IPR, 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.4.1.1
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 present, the fields TRI and TR are present, while the fields TRPI and TRP are 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.4.1.2
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)

A field that is only present if the ERPS layer is not present. 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 
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. 


U.4.1.6
Enhanced Reference Picture Selection layer (ERPS) (Variable Length)

The ERPS layer is present only 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 Re-mapping mode (RPBR) indicates what kind of pointer table is used to reference the NRPA frames in the multi-frame buffer. If RPBR indicates the use of a pointer table other than indexing according to the assembled buffering scheme, the fields of Number of Indices to be Remapped (NRI), Reference Picture Selection (RPS), and Reference Picture Selection Sign (RPSS) may be present to specify the used pointer table. 

The ERPS layer also 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 RPS mode permits a more general buffering scheme. The fields of RPI, RPP, and API are present if the Adaptive Remove/Add RPS  mode mode is selected permitting flexible buffer handling. 

U.4.1.7
Number of Reference Pictures Active (NRPA) (Variable Length)

NRPA is a variable length code word that is present only if the ERPS layer is present and the picture coding type indicates a P-picture. 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 and the macroblock syntax extensions in section U.4.2 are not present.

U.4.1.8
Reference Picture Buffer Re-Mapping mode (RPBR) (Variable length)

RPBR is a variable length code word that is present only if the ERPS layer is present and the picture coding type indicates a P-picture. RPBR indicates the multi-frame buffer re-mapping mode. The RPBR code word does not change the buffering of decoded reference frames. It provides a pointer table to use for decoding the currently transmitted frame. Table U.2 specifies the RPBR modes.

Table U.2/H.263.

Modes of operation for Reference Picture Buffer Re-Mapping.

Code word
RPBR mode

‘0’
No Re-Mapping

‘10’
Index-Based Re-Mapping

‘11’
TR-Based Re-Mapping

If RPBS is set to ‘0’, indicating the ‘No Re-Mapping’ RPBR mode, the fields of NRI, RPS, and RPSS are not present. If RPBS is set to ‘10’, indicating the ‘Index-Based Re-Mapping’ RPBR mode, the multi-frame buffer is re-sampled via transmitting buffer indices using the fields NRI and RPS. If RPBS is set to ‘11’, indicating the TR-Based Re-Mapping mode, the multi-frame buffer is re-sampled via transmitting TRs of the pictures in the multi-frame buffer using the fields NRI, RPS, and RPSS. 
U.4.1.9
Number of Remapped Indices (NRI)

A variable length code word that is present only if the Enhanced Reference Picture Selection layer is indicated and the RPBR mode is set to ‘10’ or ‘11’. NRI is transmitted using Table U.1 by setting the corresponding index in Table U.1 to NRI-1.  When the RPBR mode is set to ‘10’, NRI indicates the number of indices for which an index mapping is transmitted and each index is transmitted using the RPS field. When the RPBR mode is set to ‘11’, NRI indicates the number of TRs that are transmitted using the fields RPS and RPSS.
U.4.1.10
Reference Picture Selection (RPS) (Variable length)

A variable length code word that is present only if the Enhanced Reference Picture Selection layer is indicated and the RPBS is set to ‘10’ or ‘11’. RPS is transmitted using Table U.1. If RPBS is set to ‘10’, RPS represents an index that specifies which picture is to be sampled out of the multi-frame buffer. The RPS code word is transmitted as many times as the value of the NIR symbol and corresponds to the index in Table U.1. If RPBS is set to ‘11’, RPS represents a relative TR value called TRD. Here, the RPSS field is following.  RPS and RPSS are transmitted as many times as indicated by NRI.
U.4.1.11
Reference Picture Selection Sign (RPSS) (1 bit)

RPSS is a fixed length code word that is only present if the RPBS mode is set to  ‘11’. RPSS indicates the sign of the TRD value which is ‘0’ for negative and ‘1’ for positive TRD values.

U.4.1.12
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. The RPB modes are signaled using Table U.3.

Table U.3./H.263

Modes of operation for reference picture buffering.

Code word
RPB mode

‘0’
Sliding Window

‘10’
Adaptive Remove/Add

‘11’
Inherited from Picture

The ‘Sliding Window’ RPB mode stands for removing the picture with index NRPA-1 in the buffer and adding the current decoded picture at position 0 to the multi-frame buffer. It does not require any additional information for picture buffering. 

In the ‘Adaptive Remove/Add Picture’ RPB mode any picture can be removed from the multi-frame buffer while the currently decoded picture can be inserted at any position into the buffer. This mode requires further information that is transmitted using the words RPI, RPP, and API.

The ‘Inherited from Picture’ 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. If the Inherited RPB mode is chosen on the GOB or Slice layer, the RPB mode is either set to ‘0’ or ‘10’ depending on the Picture layer.

U.4.1.13
Remove Picture Indication (RPI) (1 bit)

RPI is a fixed length code word that is present only if the ERPS layer is present and if the RPB code is set to ‘10’. If RPI is set to ‘0’, no picture is removed from the multi-frame buffer and the field RPP is not following. If RPI is set to ‘1’, a picture is removed from the multi-frame buffer and the RPP field is following.

U.4.1.14
Remove Picture Position (RPP) (Variable length)

RPP is a variable length code word that is present only if the ERPS layer is present and if RPI is set to ‘1’. RPP is transmitted using Table U.1 where an index of Table U.1 corresponds to the index m of the picture that is to be removed from the multi-frame buffer. 


U.4.1.15
Add Picture Indication (API) (1 bit)

API is a fixed length code word that is present only if the ERPS 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 multi-frame buffer If API is set to ‘1’, the currently decoded picture is added to the multi-frame buffer at index 0. 


U.4.1.17
Sub-Picture Removal Information Indicator (SPRII) (1bit)

SPRII is a fixed length code word that is present in a picture header only if the ERPS layer is present. SPRII is not present in GOB or Slice headers. SPRII indicates whether or not the data fields describing Sub-Picture Removal are present. If the SPRII is set to ‘1’, the sub-picture removal information data fields are present. If the SPRII is set to ‘0’, the data fields are not present. If  Sub-Picture Removal is in use, the SPRII must be set to ‘1’ in the ERPS layer in the PLUS header of an intra-frame to indicate the presence of sub-picture dimension information. 
U.4.1.18
Sub-Picture Dimension Indicator (SPDI) (1 bit)

SPDI is a fixed length code that is present only if the SPRII is set to ‘1’.  SPDI indicates whether or not data fields describing sub-picture dimensions are present. If the SPDI is set to ‘1’, the data fields describing sub-picture dimensions are present. If the SDI is set to ‘0’, the data fields are not present. The encoder must send sub-picture dimension information every intra-frame but may send the information more frequently. A change in the sub-picture dimensions must be indicated in the ERPS layer of an intra-frame. 

U.4.1.19
Horizontal Sub-Picture Dimension (HSPD) (6 bits)

HSPD is a fixed length code word that is present only if the SPDI is set to ‘1’. HSPD specifies the horizontal dimension of a sub-picture in units of macroblocks. Each frame has a width of ceil ( fwMB / sfwMB ) sub-pictures where fwMB is the width of a frame in macroblocks and sfwMB is the width of a sub-picture in macroblocks. For positive numbers, the ceiling function, ceil ( x ), equals x if x is an integer otherwise ceil ( x ) equals one plus the integer part of x. The horizontal dimension must be an integer multiple of the horizontal size of the MPU. 

U.4.1.20
Vertical Sub-Picture Dimension (VSPD) (6 bits)

VSPD is a fixed length code word that is present only if the SPDI is set to ‘1’. VSPD specifies the vertical dimension of a sub-picture in units of macroblocks. Each frame has a height of ceil ( fhMB / sfhMB ) sub-pictures where fhMB is the height of a frame in macroblocks and sfhMB is the height of a sub-picture in macroblocks. The vertical dimension must be an integer multiple of the vertical size of the MPU. 
U.4.1.21
Sub-Picture Removal Indicator (SPRI) (1 bit)

SPRI is a fixed length code word that is present only if the SPRII is set to ‘1’.  SPRI indicates whether or not data fields describing which sub-picture are to be removed are present. If the SPRI is set to ‘1’, the data fields are present. If the SPRI is set to ‘0’, the data fields are not present. 

U.4.1.22
Number of Pictures to Remove (NPR) (Variable Length)

NPR is a variable length code word that is present only if the SPRI is set to ‘1’. NPR is transmitted using Table U.1 by setting the corresponding index value to NPR-1. NPR is used to indicate the number of pictures of which sub-pictures are to be removed.

U.4.1.23
Index of Picture to Remove (IPR) (Variable Length)

IPR is a variable length code word that is present only if the SPRI is set to ‘1’. IPR is transmitted using Table U.1 by setting the corresponding index value to IPR. The IPR code word and associated sub-picture removal bitmap are always transmitted as pairs and are transmitted N times where N is the value of NPR.

U.4.1.24
Sub-Picture Removal Bitmap (SPRB)
SPRB is a fixed length code word that contains one bit for each sub-picture and is present only if the SPRI is set to ‘1’. The sub-pictures are numbered in raster scan order starting from the upper-left of the frame. 

For example, consider a case in which a reference picture, specified by IPR, is partitioned into six sub-pictures. Let “s1 s2 s3 s4 s5 s6” represent the six bits in the SPRB. If bit si = “1”, then the decoder should remove the ith sub-picture in the indicated reference picture. For instance, if the SPRB = “000110” then sub-pictures 4 and 5 are removed. 

To prevent start code emulation, a ‘1’ is inserted (if necessary) into the bitmap in the 15th, 30th, 45th, etc. bit position. The SPRB code word and associated IPR are always sent as pairs and are transmitted N times where N is the value of NPR.





U.4.2
Macroblock layer syntax

The macroblock layer syntax is modified if the ERPS layer is present for P-pictures in case 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’ shall be inserted to prevent start code emulations.

If the field PR0 is set to zero, the macroblock is coded. The meaning of the 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).
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U.5
Decoder Process

The decoder of this mode may need additional memory capacities to store the multiple decoded pictures and their associated Temporal References (TRs). 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 may also be operated when partially erroneous frames are decoded according to the specified buffer mode information. 

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

If the ERPS layer is present, the decoder stores the reference pictures for inter-frame decoding in a multi-frame buffer. The indexing of the pictures is determined by the prior sent buffering information (RPB) and the decoder process starts with this initial multi-frame buffer. Each picture in the initial multi-frame buffer is clearly identified by the attached TR value and can be addressed by the ‘initial index’. The ‘initial index’ refers to the addressing of the frames in the physically assembled multi-frame buffer.

U.5.1
Decoder Process for Reference Picture Buffer Re-Mapping

 The syntax for the reference picture buffering is specified in sections U.4.1.8-U.4.1.11. Various index mapping schemes, i.e., schemes to map the ‘initial index’ of the initial multi-frame buffer onto newly specified indices are specified. The various index mapping schemes are transmitted using the RPBR mode which is specified in Table U.2. The decoder employs the index mapping when referencing a frame for motion compensation on the macroblock layer using the fields PR0, PR, PR2, PR3, and PR4. 

The RPBR mode ‘No Re-Mapping’ specifies that the ‘initial indices’ of the initial multi-frame buffer shall be directly used for motion compensation. 

The RPBR mode ‘Index-Based Re-Mapping’ specifies ‘re-mapping indices’ that shall be used for motion compensation instead of the ‘initial indices’. The modified ‘re-mapping indices’ are transmitted using the NRI and RPS fields. The field RPS is transmitted as often as specified by the value of NRI. The order of the transmission specifies the generation of the ‘re-mapping indices’. The generation of the ‘re-mapping indices’ starts with setting the ‘re-mapping indices’ equal to the ‘initial indices’. Then the following procedure to generate the ‘re-mapping indices’ shall be applied:

1. Set the counter m=0.

2. Read the m-th transmitted RPS value and assign it to a register K. 

3. Increment all ‘re-mapping indices’ with value greater or equal to m-1. Map the value of K to the ‘re-mapping index’ value of m-1. 

4. The ‘initial index’ of value K is removed form the set of ‘initial indices’. Decrement all ‘initial indices’ with value greater than K.

5. Increment m. If m<NRI, repeat steps 2-5 otherwise stop.

The obtained ‘re-mapping indices’ shall be used for multi-frame motion compensation instead of the ‘initial index’.

The RPBR mode ‘TR-Based Re-Mapping’ enables the transmission of a modified ‘re-mapping index’ using TRs. This RPBR mode provides enhanced error resilience. The TRs are transmitted as relative TR values called TRDs. The first transmitted TRD is computed as the difference between the TR of the picture with ‘re-mapping index’ 0 and the TR of the current picture using the RPS field. Then the RPSS field is following and indicates the sign of the difference. The next transmitted TRD is computed as the difference between the TR of the picture with ‘re-mapping index’ 1 and the picture with ‘re-mapping index’ 0 followed by the RPSS field. RPS and RPSS are transmitted as many times as indicated by NRI, where the m’th RPS and RPSS field correspond to the difference between the TR of the picture with ‘re-mapping index’ m and ‘re-mapping index’ m-1. NRI transmitted TRDs lead to NRI different TR values which correspond to the reference pictures with ‘re-mapping indices’ 0, ..., NRI-1. The remaining reference pictures are used in the default order and are assigned to the ‘re-mapping indices’ NRI,..., NRPA-1. The default order is the indexing that is given by the ‘initial index’ when excluding those pictures that are indicated using the ‘re-mapping indices’ 0, ..., NRI-1.

When in the ‘TR-Based Re-Mapping’ RPBR mode, the transmitted TRs are used to provide the re-mapping functionality of the RPBR mode and to inform the decoder about the TRs in the multi-frame buffer. If the decoder detects a missing picture, it invokes a concealment and inserts the concealed picture into the multi-frame buffer. Missing pictures are identified if the transmitted TRDs specify a TR that is not stored in the multi-frame buffer. Concealment is conducted by copying the closest temporally preceding picture which is available in the multi-frame buffer into the position of the missing picture. The temporal order of the pictures in the multi-frame buffer is given by their TR field which is attached to them during the buffer management process as specified in this annex. If no concealment can be conducted, then the decoder may send a forced INTRA update signal to the encoder by external means (for example Recommendation H.245). A concealed picture is inserted into the multi-frame buffer using the ‘Sliding Window’ RPB mode. If a missing picture is detected when decoding a GOB or Slice layer, the concealment is applied to the picture as if the missing picture would be detected on the picture layer.
U.5.2
Decoder Process for Reference Picture Buffering

The syntax for the reference picture buffering is specified in sections U.4.1.12-U.4.1.16. The buffering of the currently decoded picture can be specified using the reference picture buffering (RPB) mode. The buffering may follow a first-in, first-out (‘Sliding Window’) mode. Alternatively, the buffering may follow a customized adaptive buffering (‘Adaptive Remove/Add Picture’) mode which is specified by the encoder in the forward channel. 

The ‘Sliding Window’ RPB mode stands for removing the picture with index NRPA-1 in the buffer and adding the current decoded picture at position 0 to the multi-frame buffer.

The ‘Adaptive Remove/Add’ RPB mode permits that any picture can be removed from the multi-frame buffer while the currently decoded picture can be inserted at any position into the buffer. This RPB mode should be used to build-up a multi-frame buffer. The ‘Adaptive Remove/Add’ RPB mode employs the fields of RPI, RPP, and API. RPI indicates whether a picture is removed from the multi-frame buffer. RPI may indicate that no picture is to be removed from the multi-frame buffer which is often the case when a multi-frame buffer is built up at the beginning of a sequence. In this case no picture shall be removed unless a picture is added and the physical multi-frame buffer size is exceeded. In that case, the picture with the largest ‘initial index’ in the complete physical buffer is removed from the multi-frame buffer. If RPI indicates that a picture is to be removed from the multi-frame buffer, the RPP field specifies the position of this field. RPP corresponds to the ‘initial index’ m of the picture that is to be removed from the multi-frame buffer. After removing the indexed picture from the mth position in the multi-frame buffer, the ‘initial indices’ greater than m are decrement by one. The field API indicates whether the currently decoded picture is added to the multi-frame buffer. When API indicates  that the currently decoded picture is to be added to the multi-frame buffer at index 0.
U.5.3
Decoder Process for Sub-Picture Removal

Sub-Picture Removal may be used to reduce the amount of memory required to save multiple reference pictures. The memory reduction is accomplished by partitioning each reference picture into sub-pictures. While encoding, the encoder may remove sub-pictures from a reference picture in the multi-frame buffer. The strategy used by the encoder to decide which of the sub-pictures to remove is outside the scope of this document. The encoder signals to the decoder the size of the sub-pictures and which of the sub-pictures to remove using the enhanced reference picture selection (ERPS) layer whose syntax is described in Sections U.4.1.17-U.4.1.24. The decoder shall not remove sub-pictures from the most recent picture checked into the multi-frame buffer to ensure that at least one complete reference picture resides in the buffer at all times. 

While it is suggested that the encoder refrain from referencing pixels in sub-pictures that it has removed, it is sometimes difficult to avoid doing so (e.g. when OBMC of Annex F is in use). In the event that the encoder references a pixel in a sub-picture that it has removed, the decoder shall reference the pixel at the same position in the closest temporally preceding picture from which a sub-picture containing the pixel has not been removed. The temporal order of the pictures in the multi-frame buffer is given by their TR field which is attached to them during the buffer management process as specified in this annex. If no temporally preceding picture contains the pixel, the closest temporally succeeding picture containing the pixel is used instead. 
The Sub-Picture Removal capability is negotiated by external means (e.g. Recommendation H.245). In addition, the decoder signals, also by external means, the minimum partition unit (MPU) which is described in terms of a minimum vertical and horizontal size (in macroblocks) of a sub-picture and the amount of memory it has available for its multi-frame buffer. Memory management is facilitated by the simple partition rules described below.

Each reference picture is partitioned into rectangular sub-pictures of equal size. The encoder specifies the sub-picture size which must be an integer multiple of the MPU. The vertical and horizontal dimensions of the sub-picture must be integer multiples of the minimum MPU sizes signaled externally by the decoder. The sub-picture dimensions must be sent with every INTRA picture but may be sent more frequently if desired. In addition, the upper-left-hand corner of the first sub-picture is coincident with the upper-left-hand corner of the reference picture. Consequently, the entire partition may be described by specifying the horizontal and vertical dimensions of a sub-picture. Sub-pictures may extend beyond the right and bottom boundaries of the reference picture. When a sub-picture that extends past the reference picture boundary is saved, the decoder may wish to set aside enough memory to save the entire sub-picture and not just the memory necessary to save the portion of the reference picture that lies within that sub-picture. A decoder designed such that each sub-picture occupies the same amount of memory will prevent the possibility of memory fragmentation.   

Whenever the sub-picture partition is changed against the currently used sub-picture partition the encoder must send the new sub-picture dimensions in the ERPS layer. A partition redefinition is recognized only if it is sent in the PLUS header of an INTRA picture. All pictures in the multi-frame buffer of which sub-pictures have been removed using the old partition should be discarded.




1. 
2. 
3. 

U.5.4
Decoder Process for Multi-Frame Motion Compensation

For multi-frame motion compensation, the decoder chooses a reference picture as indicated using the fields PR0, PR, PR2, PR3, and PR4 on the macroblock layer. Once, the reference picture is specified, the decoding process for motion compensation proceeds as described in section 6.1/H.263. 

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.
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