Proposed Amendment for Annex U: Enhanced Reference Picture Selection
Introduction

In this document, we describe the Reference Picture Pruning amendment to the proposed Annex U specification. Reference Picture Pruning reduces, on average, the amount of memory required to save multiple reference pictures.   The memory reduction is accomplished by partitioning each reference picture into sub-frames.  While encoding, the encoder may discard (“prune”) sub-frames from any reference picture in the multi-frame buffer.  (The strategy used by the encoder to decide which of the sub-frames to prune is outside the scope of this document.)  The encoder signals to the decoder the size of the sub-frames and which of the sub-frames to prune using an extension to the enhanced reference picture selection (ERPS) layer as described below.  The decoder shall not prune the most recent frame checked into the Annex U 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-frames that it has pruned, 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-frame that it has pruned, the decoder shall reference the pixel at the same position in the closest temporally succeeding picture from which a sub-frame containing the pixel has not been pruned.  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 succeeding picture contains the pixel, the closest temporally preceding picture containing the pixel is used instead. 
As an example of how Reference Picture Pruning may be used effectively, consider two reference pictures whose upper-right quadrant are nearly identical.  If all sub-frames completely contained within that quadrant were pruned from the older reference picture, then an encoder wishing to reference pixels in the upper-right quadrant could reference those pixels in the newer picture with little or no loss in coding efficiency.   

The Reference Picture Pruning 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-frame and the amount of memory it has available for its multi-frame buffer.  Memory management is facilitated by the simple partition rules described in the following section.

The Partition

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

Example partition


Figure 1.  Example Partition with Sub-frames Extending Past the Picture Border.

Finally, whenever the reference picture partition is redefined, which may occur when the source picture format changes, the encoder must send the new sub-frame dimensions using the ERPS layer as specified in the following section.  A partition redefinition is recognized only if it is sent in the PLUS header of an intra-frame.  All reference pictures that have been pruned using the old partition should be discarded. 

Syntax

Using an extension to the ERPS, the encoder signals the size of the sub-frames and which sub-frames the decoder is to prune from the reference picture buffer.  Specifically, the ERPS layer would be modified from that shown in Figure U.6/H.263 of the draft Annex U specification to that shown in Figure 2.


Figure U.6/H.263.  ERPS Layer.








Figure 2.  Newly Proposed ERPS Layer Extensions.

Pruning Information Indicator (PII) (1bit)

The PII is a bit that is present only if the ERPS layer is present.  PII indicates whether or not data fields describing the sub-frame pruning process are present.  If the PII is set to “1,” the pruning information data fields are present.  If the PII is set to “0,” the data fields are not present.  No pruning information may be sent in an ERPS layer occurring in a GOB or slice header.  Consequently, the PII bit shall be set to ‘0’ in any ERPS layer occurring in a GOB or slice header.  If Reference Picture Pruning is in use, the PII must be set to “1” in the ERPS layer in the PLUS header of an intra-frame to indicate the presence of sub-frame dimension information.

Sub-Frame Dimension Indicator (SDI) (1 bit)

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

Horizontal Sub-frame Dimension (HSD) (6 bits)

A 6 bit codeword that is present only if the SDI is set to “1.”  The HSD specifies the horizontal dimension of a sub-frame in units of macroblocks.  Each frame has a width of ceil(fwMB / sfwMB) sub-frames where fwMB is the width of a frame in macroblocks and sfwMB is the width of a sub-frame 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.  

Vertical Sub-frame Dimension (VSD) (6 bits)

A 6 bit codeword that is present only if the SDI is set to “1.”  The VSD specifies the vertical dimension of a sub-frame in units of macroblocks.  Each frame has a height of ceil(fhMB / sfhMB) sub-frames where fhMB is the height of a frame in macroblocks and sfhMB is the height of a sub-frame 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 vertical dimension must be an integer multiple of the vertical size of the MPU.

Sub-frame Pruning Indicator (SPI) (1 bit)

The SPI is a bit that is present only if the PII is set to “1.”  SPI indicates whether or not data fields describing sub-frame pruning are present.  If the SPI is set to “1,” the data fields describing sub-frame pruning are present.  If the SPI is set to “0,” the data fields are not present.

Number of Pictures to Prune (NPP) (Variable Length)

A variable length codeword that is present only if the SPI is set to “1.”  The NPP uses the code table for the picture reference parameter given in Table U.1 of the draft Annex U specification to indicate the number of reference pictures to be pruned.   

Reference Picture Selection (RPS) (Variable Length)

A variable length codeword that is present only if the SPI is set to “1.”  The RPS uses the code table for the picture reference parameter given in Table U.1 of the draft Annex U specification to indicate which reference picture is to be pruned.  The RPS codeword and associated sub-frame pruning bitmap (described below) are always transmitted as pairs and are transmitted N times where N is the value of NPP. 

Sub-frame Pruning Bitmap (SPB) 

A fixed length codeword that contains one bit for each sub-frame and is present only if the SPI is set to “1.”  The sub-frames 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 RPS, is partitioned into six sub-frames.  Let “s1 s2 s3 s4 s5 s6” represent the six bits in the SPB.  If bit si = “1”, then the decoder should prune the ith sub-frame in the reference picture.  For instance, if the SPB = “000110” then sub-frames 4 and 5 are pruned.  To prevent start code emulation, a “1” is inserted (if necessary) into the bitmap in the 15th, 30th, 45th, etc. bit position.  The SPB codeword and associated RPS are always sent as pairs and are transmitted N times where N is the value of NPP.

Decoder Process

The decoder process is unchanged from that specified in the Annex U draft specification except for the following:

1) The decoder must interpret the newly proposed sub-frame pruning fields,

2) The decoder may then prune the specified sub-frame(s),

3) A decoder that uses reference picture pruning must account for the absolute position of each sub-frame so that a macroblock may be addressed (see example below). 

Example: Sub-frame Relative Macroblock Addressing 

Consider decoding a CIF picture in which we are required to retrieve the 54th macroblock with an associated motion vector (5, 7) from the Nth reference picture.  To be concrete, we will use the partition described in Figure 1. Assume that for the Nth reference picture we have pruned all but sub-frame number 2.  The absolute pixel address of the upper-right-hand corner of the desired block including the motion vector offset is (160 + 5, 32 + 7) assuming the macroblocks are numbered from zero.  The decoder must then convert the absolute pixel location (165, 39) into a location relative to sub-frame 2.  Specifically, since the upper-right-hand corner of sub-frame 2 has, assuming the sub-frame is 6 macroblocks wide, absolute location (96, 0) the location of the upper-right-hand corner of the desired macroblock relative to sub-frame 2 is  (165 – 96, 39 – 0).  Therefore, the decoder must retrieve a 16x16 pixel block whose upper-right-hand corner is at location (69, 39) in sub-frame 2. 
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