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8.2.10
Picture Number (PN)

[Ed. Note: Clarify relation to NAL, parameter sets, etc.]

PN shall be incremented by 1 for each coded picture in coding order, in modulo MAX_PN operation, relative to the PN of the previous stored picture in coding order.  For non-stored pictures, PN shall be incremented from the value in the most temporally recent stored picture which precedes the non-stored picture in coding order. 

The PN serves as a unique ID for each picture stored in the multi-picture buffer.  Therefore, a picture cannot be kept in the buffer after its PN has been used by another picture unless it has been assigned a long-term picture index as specified below.  The encoder shall ensure that no PN equals to each other among the short-term pictures in the multi-picture buffer.  A decoder which encounters a picture number on a current picture having a value equal to the picture number of some other short-term stored picture in the multi-picture buffer should treat this condition as an error.

8.2.13.1
Memory Management Control Operation (MMCO)

MMCO is present only when RPBT indicates “Adaptive Memory Control”, and may occur multiple times if present.  It specifies a control operation to be applied to manage the multi-picture buffer memory.  The MMCO parameter is followed by data necessary for the operation specified by the value of MMCO, and then an additional MMCO parameter follows – until the MMCO value indicates the end of the list of such operations.  MMCO commands do not affect the buffer contents or the decoding process for the decoding of the current picture – rather, they specify the necessary buffer status for the decoding of subsequent pictures in the bitstream.  The values and control operations associated with MMCO are defined in Table 8-3.

If MMCO is Reset, all pictures in the multi-picture buffer (but not the current picture unless specified separately) shall be marked “unused” (including both short-term and long-term pictures). Moreover, the maximum long-term picture index shall be reset to zero.
9.1.1
Multi-Picture Decoder Process

The decoder stores the reference pictures for inter-picture decoding in a multi-picture buffer.  The decoder replicates the multi-picture buffer of the encoder according to the reference picture buffering type and any memory management control operations specified in the bitstream.  The buffering scheme may also be operated when partially erroneous pictures are decoded. 

Each coded and stored picture is assigned a Picture Number (PN) which is stored with the picture in the multi-picture buffer.  PN represents a sequential picture counting identifier for stored pictures. PN is constrained, using modulo MAX_PN arithmetic operation. For the first coded picture of an independent GOP, PN shall be "0". For each and every other coded and stored picture, PN shall be increased by 1. If the difference (modulo MAX_PN) of the PNs of two consecutively received and stored pictures is not 1, the decoder process is described in section 9.1.1.2. 

Besides the PN, each picture stored in the multi-picture buffer has an associated index, called the default relative index. When a picture is first added to the multi-picture buffer it is given default relative index 0 – unless it is assigned to a long-term index. The default relative indices of pictures in the multi-picture buffer are modified when pictures are added to or removed from the multi-picture buffer, or when short-term pictures are assigned to long-term indices. 

The pictures stored in the multi-picture buffers can also be divided into two categories: long-term pictures and short-term pictures. A long-term picture can stay in the multi-picture buffer for a long time (more than MAX_PN-1 coded and stored picture intervals). The current picture is initially considered a short-term picture. Any short-term picture can be changed to a long-term picture by assigning it a long-term index according to information in the bitstream. The PN is the unique ID for all short-term pictures in the multi-picture buffer. When a short-term picture is changed to a long-term picture, it is also assigned a long-term picture index (LPIN). A long-term picture index is assigned to a picture by associating its PN to an LPIN. Once a long-term picture index has been assigned to a picture, the only potential subsequent use of the long-term picture’s PN within the bitstream shall be in a repetition of the long-term index assignment. LPIN becomes the unique ID for the life of a long-term picture.

PN (for a short-term picture) or LPIN (for a long-term picture) can be used to re-map the pictures into re-mapped relative indices for efficient reference picture addressing.

9.1.1.1
Decoder Process for Short/Long-term Picture Management

The decoder may have both long-term pictures and short-term pictures in its multi-picture buffer. The MLIP1 field is used to indicate the maximum long-term picture index allowed in the buffer. If no prior value of MLIP1 has been sent, no long-term pictures shall be in use, i.e. MLIP1 shall initially have an implied value of "0". Upon receiving an MLIP1 parameter, a new MLIP1 shall take effect until another value of MLIP1 is received. Upon receiving a new MLIP1 parameter in the bitstream, all long-term pictures with associated long-term indices greater than or equal to MLIP1 shall be considered marked “unused”. The frequency of transmitting MLIP1 is out of the scope of this Recommendation. However, the encoder should send an MLIP1 parameter upon receiving an error message, such as an Intra request message.

A short-term picture can be changed to a long-term picture by using an MMCO command with an associated DPN and LPIN. The short-term picture number is derived from DPN and the long-term picture index is LPIN. Upon receiving such an MMCO command, the decoder shall change the short-term picture with PN indicated by DPN to a long-term picture and shall assign it to the long-term index indicated by LPIN. If a long-term picture with the same long-term index already exists in the buffer, the previously-existing long-term picture shall be marked “unused”. An encoder shall not assign a long-term index greater than MLIP1–1 to any picture. If LPIN is greater than MLIP1–1, this condition should be treated by the decoder as an error. For error resilience, the encoder may send the same long-term index assignment operation or MLIP1 specification message repeatedly. If the picture specified in a long-term assignment operation is already associated with the required LPIN, no action shall be taken by the decoder. An encoder shall not assign the same picture to more than one long term index value. If the picture specified in a long-term index assignment operation is already associated with a different long-term index, this condition should be treated as an error. An encoder shall only change a short-term picture to a long-term picture if its PN has not been used in any subsequent coded picture. An encoder shall not assign a long-term index to a short-term picture that has been marked as “unused” by the decoding process prior to the first such assignment message in the bitstream. An encoder shall not assign a long-term index to a picture number that has not been sent.

9.1.1.2
Decoder Process for Reference Picture Buffer Mapping

The decoder employs indices when referencing a picture for motion compensation on the macroblock layer.  In pictures other than B pictures, these indices are the default relative indices of pictures in the multi-picture buffer when the fields ADPN and LPIR are not present in the current slice layer as applicable, and are re-mapped relative indices when these fields are present.  In B pictures, the first one or two pictures (depending on BTPSM) in relative index order are used for backward prediction, and the forward picture reference parameters specify a relative index into the remaining pictures for use in forward prediction. (needs to be changed)

The indices of pictures in the multi-picture buffer can be re-mapped onto newly specified indices by transmitting the RMPNI, ADPN, and LPIR fields. RMPNI indicates whether ADPN or LPIR is present.  If ADPN is present, RMPNI specifies the sign of the difference to be added to a picture number prediction value.  The ADPN value corresponds to the absolute difference between the PN of the picture to be re-mapped and a prediction of that PN value.  The first transmitted ADPN is computed as the absolute difference between the PN of the current picture and the PN of the picture to be re-mapped.  The next transmitted ADPN field represents the difference between the PN of the previous picture that was re-mapped using ADPN and that of another picture to be re-mapped.  The process continues until all necessary re-mapping is complete.  The presence of re-mappings specified using LPIR does not affect the prediction value for subsequent re-mappings using ADPN.  If RMPNI indicates the presence of an LPIR field, the re-mapped picture corresponds to a long-term picture with a long-term index of LPIR.  If any pictures are not re-mapped to a specific order by RMPNI, these remaining pictures shall follow after any pictures having a re-mapped order in the indexing scheme, following the default order amongst these non-re-mapped pictures.

If the indicated parameter set in the latest received slice or data partition signals the required picture number update behavior, the decoder shall operate as follows. The default picture index order shall be updated as if pictures corresponding to missing picture numbers were inserted to the multi-picture buffer using the “Sliding Window” buffering type. An index corresponding to a missing picture number is called an “invalid” index. The decoder should infer an unintentional picture loss if any “invalid” index is referred to in motion compensation or if an “invalid” index is re-mapped. 

If the indicated parameter set in the latest received slice or data partition does not signal the required picture number update behavior, the decoder should infer an unintentional picture loss if one or several picture numbers are missing or if a picture not stored in the multi-picture buffer is indicated in a transmitted ADPN or LPIR.

In case of an unintentional picture loss, the decoder may invoke some concealment process. If the required picture number update behavior was indicated, the decoder may replace the picture corresponding to an “invalid” index with an error-concealed one and remove the “invalid” indication. If the required picture number update behavior was not indicated, the decoder may insert an error-concealed picture into the multi-picture buffer assuming the “Sliding Window” buffering type. Concealment may be conducted by copying the closest temporally preceding picture that is available in the multi-picture buffer into the position of the missing picture. The temporal order of the short-term pictures in the multi-picture buffer can be inferred from their default relative index order and PN fields. In addition or instead, the decoder may send a forced intra update signal to the encoder by external means (for example, Recommendation H.245), or the decoder may use external means or back-channel messages (for example, Recommendation H.245) to indicate the loss of pictures to the encoder.

9.1.1.3
Decoder Process for Multi-Picture Motion Compensation

Multi-picture motion compensation is applied if the use of more than one reference picture is indicated. For multi-picture motion compensation, the decoder chooses a reference picture as indicated using the reference frame fields on the macroblock layer. Once, the reference picture is specified, the decoding process for motion compensation proceeds. 

9.1.1.4
Decoder Process for Reference Picture Buffering

The buffering of the currently decoded picture can be specified using the reference picture buffering type (RPBT). The buffering may follow a first-in, first-out ("Sliding Window") mode. Alternatively, the buffering may follow a customized adaptive buffering ("Adaptive Memory Control") operation that is specified by the encoder in the forward channel. 

The "Sliding Window" buffering type operates as follows. First, the decoder determines whether the picture can be stored into “unused” buffer capacity. If there is insufficient “unused” buffer capacity, the short-term picture with the largest default relative index (i.e. the oldest short-term picture in the buffer) shall be marked as “unused”. The current picture is stored in the buffer and assigned a default relative index of zero. The default relative index of all other short-term pictures is incremented by one. The default relative indices of all long-term pictures are incremented by one minus the number of short-term pictures removed.

In the "Adaptive Memory Control" buffering type, specified pictures may be removed from the multi-picture buffer explicitly.  The currently decoded picture, which is initially considered a short-term picture, may be inserted into the buffer with default relative index 0, may be assigned to a long-term index, or may be marked as “unused” by the encoder.  Other short-term pictures may also be assigned to long-term indices. The buffering process shall operate in a manner functionally equivalent to the following: First, the current picture is added to the multi-picture buffer with default relative index 0, and the default relative indices of all other pictures are incremented by one. Then, the MMCO commands are processed:

If MMCO indicates a reset of the buffer contents or if an IDERP NAL packet is received, all pictures in the buffer are marked as “unused” except the current picture (which will be the picture with default relative index 0). Moreover, the maximum long-term index shall be reset to zero.
If MMCO indicates a maximum long-term index using MLIP1, all long-term pictures having long-term indices greater than or equal to MLIP1 are marked as “unused” and the default relative index order of the remaining pictures are not affected.

If MMCO indicates that a picture is to be marked as “unused” in the multi-picture buffer and if that picture has not already been marked as “unused”, the specified picture is marked as “unused” in the multi-picture buffer and the default relative indices of all subsequent pictures in default order are decremented by one.

If MMCO indicates the assignment of a long-term index to a specified short-term picture and if the specified long-term index has not already been assigned to the specified short-term picture, the specified short-term picture is marked in the buffer as a long-term picture with the specified long-term index.  If another picture is already present in the buffer with the same long-term index as the specified long-term index, the other picture is marked as “unused”.  All short-term pictures that were subsequent to the specified short-term picture in default relative index order and all long-term pictures having a long-term index less than the specified long-term index have their associated default relative indices decremented by one. The specified picture is assigned to a default relative index of one plus the highest of the incremented default relative indices, or zero if there are no such incremented indices.

�PAGE \# "'Page: '#'�'"  ��At some point of the editing process, the original contents of the approved document VCEG-O10r1 regarding the picture number increment behavior were changed so that picture number relate to transmission order. However, coupling the picture numbers with transmission order does not make sense, because


The video encoder should not be responsible of deciding the transmission order of pictures. If a coded stream is pre-stored before streaming, the streaming server should modify the picture numbers while transmitting the file. Such manipulation of coded streams is unacceptable.


If encoding is not done “in-line” (in case of streaming of pre-stored content, for example), the encoder cannot know the transmission order of pictures. For example, an intra picture may be sent earlier than its decoding time would indicate and retransmission protocols may be used to ensure its correct reception in time.


Typically, there are other means, such as RTP sequence number, to reconstruct the transmission order of packets in the reception end. There may not be other means to reconstruct the coding/decoding order of pictures, as explicit decoding timestamps may not be used.
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