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Summary

The proposed Annex U ERPS layer is shown in Fig. 1.




Fig. 1 The Proposed Annex U ERPS Layer

The basic idea is still to separate the pictures into short-term pictures and long-term pictures.  A buffer is called a short-term buffer at the moment it contains a short-term picture. A buffer is called a long-term buffer at the moment it contains a long-term picture.  A short-term picture is associated with a picture ID (PID), while the long-term picture is associated with a picture Index (PIN). A short-term picture can be changed into a long-term picture and assigned a picture index (PIN) according to the information contained in the bitstream. This information may be repeated to avoid encoder/decoder buffer mismatch caused by packet loss and bitstream errors. 

Short-term buffers and long-term buffers may also be marked “unused” according to the information contained in the bitstream. So that other decoded pictures may use these “unused” buffers.

The picture ID (PID) is a unique number for every picture over 1024 coded and transmitted pictures.  PID shall be assigned to zero for first coded and transmitted picture and decrease by 1 for every other coded and transmitted picture. Wrap happens at “0”, where next PID shall be 1023. PID may be used to detect picture losses.

A parameter NLB (Number of Long-term Buffers) may also be inserted into bitstream to indicate the maximum number of total long-term buffers allowed. The long-term picture index shall be in the range of zero and NLB – 1.  However, the total number of long-term pictures may be less than NLB at a given time. The short-term pictures could use the other available buffers. Upon receiving NLB parameter, the decoder shall examine the total number of long-term buffers currently in use. Any long-term buffers with a long-term picture index (PIN) greater than NLB – 1 shall be assigned to “unused” status. For all other buffers, no change shall be made. 

The short-term picture ID (PID) and the long-term picture Index (PIN) may be jointly re-mapped into a global index for reference picture addressing in the macroblock layer. 

A decoded picture may be stored into a buffer as a short-term picture with its picture ID, or stored into a buffer as a long-term picture with its picture Index (PIN). A decoded picture may also be discarded. The information on how and where to store a picture is also contained in the bitstream from the encoder.

PID: Picture ID (10-bit)

PID is the ID of a picture. For the first coded and transmitted picture, PID shall be assigned “0”, and for each of the subsequent coded and transmitted pictures, PID shall be DECREASED by 1 according to 10-bit unsigned modulo operation. PID would be used as the ID of the short-term picture and the short-term buffer that contains the short-term picture.

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

NLBI = 0:

The next field NLB does not exist. The previously transmitted NLB shall be in effect. If NLB is never transmitted, it shall assume to be zero.

NLB = 1:


The next field NLB exists. 

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

NLB field exists only if NLBI =1. If exist, NLB represents the maximum number of long-term buffers allowed for use. All of the long-term picture index (PIN) shall be in the range of zero and NLB – 1. Upon receiving NLB parameter, the decoder shall mark all the long-term buffers with a PIN greater than NLB – 1 to “unused” status. Otherwise, no action shall be taken.

PPCI: Picture Property Change Indication (2-bit)

PPCI = 00: 

No change, the following two fields DSPI and LPIN do NOT exist.

PPCI = 01: 

Change a short-term picture to a long-term picture. The fields DSPI and LPIN exist.  The short-term picture ID is derived from DSPI, and that short-term picture will be changed to a long-term picture and assigned a long-term picture index (PIN) that is derived from LPIN field.  

PPCI = 10: 

Change a short-term picture buffer to “Unused” status; i.e. remove that short-term picture. The field DSPI exists, while field LPIN does NOT exist.  The short-term picture ID is derived from the following field DSPI.

PPCI = 11: 

Change a long-term picture buffer to “Unused” status; i.e. remove that long-term picture. The field DSPI does NOT exist, while field LPIN exists. LPIN is the index of the long-term picture to be removed.

DSPI: Difference of Short-term Picture ID (Variable length)

DSPI exists only if PPCI = 01 or 10. If exist, DSPI and the PID of the currently decoded picture (PIDC) are used to derive a previous short-term picture ID (PIDP) using the following equations:


MASK = (1 << 10) – 1;


PIDP =  (DSPI + PIDC + 1) & MASK;

At the encoder side, DSPI is derived from the following equations:


MASK = (1 << 10) – 1;


DSPI = (PIDP – PIDC – 1) & MASK;

DSPI value is then mapped to the variable code word in Table U.1 of the current Annex U draft.

LPIN: Long-term Picture Index (Variable length)

LPIN exists only if PPCI = 01 or 11. If exist, LPIN value is the index of the long-term picture in question.

NBFR: Number of Buffer for Re-mapping (Variable length)

NBFR is a variable length code shown in Table U.1 of the current Annex U. 

NBFR = 0 (code word “1”): 

Use Default mapping. The fields LSI, ADPI, and SDPI do not exist.  The mapped index of a particular buffer using the default mapping is based on the PID of that buffer (PIDB) and the PID of the currently decoded picture (PIDC) according the following equations:

MASK = (1 << 10) – 1;

INDEX =(PIDB – PIDC – 1) & MASK;

At the decoder side, the parameter INDEX and PIDC are used to retrieve the PIDB for buffer addressing using the following equations:

MASK = (1 << 10) – 1;

PIDB = (PIDC + INDEX + 1) & MASK;

NBFR = 1 (code word “000”): 

Only one single buffer is re-mapped to index “0” and used for prediction. The PR0, PR, PR2, PR3, PR4 fields in the macroblock layer do NOT exist, and normal syntax (no Annex U) apply. 

NBFR = N (N > 1): 

N buffers are re-mapped to index 0 ~ N-1 and used for prediction.  N copies of the fields LSI, ADPI and SDPI exist. The meaning of these fields are explained below.

LSI: Long-term/Short-term Buffer Indication (1-bit)

LSI = 0: 

The long-term buffer index is re-mapped. 

LSI = 1: 

The short-term buffer ID is re-mapped. 

ADPI: Absolute Difference of Picture ID or Index (variable length)

If the long-term buffer index is re-mapped, the filed ADPI is the absolute difference of the index of the long-term picture buffer to be remapped (PINR) and the index of the immediately previous re-mapped long-term buffer (PINP) minus 1, i.e. ADPI = abs (PINR – PINP) - 1. If this long-term buffer is the first long-term buffer to be re-mapped, ADPI is the value of the index of the long-term buffer to be re-mapped (always positive and no sign bit). 

If the short-term buffer ID is re-mapped, the field ADPI is the absolute difference of the PID of the short-term picture to be remapped (PIDR) and the PID of the immediately previous re-mapped short-term buffer (PIDP) minus 1, i.e. ADPI = abs (PIDR – PIDP) - 1. If this short-term buffer is the first short-term buffer to be re-mapped, ADPI is the unsigned difference of the PID of the short-term picture (PIDR) to be re-mapped and the PID of the current decoded picture (PIDC) minus 1.  It could be expressed as 


MASK = (1 << 10) – 1;

ADPI = (PIDR – PIDC – 1) & MASK;

 
Example: PIDR = 1, PIDC = 1023, ADPI = (1-1023 – 1) & 0x3FF = 1.

SDPI: Sign of the Difference of Picture ID or Index (1-bit)

SDPI is the sign of the operation of  (PINR – PINP) for long-term buffer index re-mapping or the sign of the operation of (PIDR – PIDP) for short-term buffer re-mapping.  Please note that the first long-term picture index re-mapping uses the value of the long-term buffer to be remapped, therefore, there is no sign bit for the first remapped long-term picture index. Please also note that the first short-term buffer re-mapping uses unsigned modulo operation, therefore there is no sign bit for the first short-term buffer re-mapping as well.

SDPI = 0: Positive

SDPI = 1: Negative

PBM: Picture Buffering Mode (2-bit)

PBM controls where to store the currently decoded picture.

PBM = 00: 

Do not store the currently decoded picture into any buffer. The following field PBI does not exist.

PBM = 01: 

First, try to store the currently decoded picture into a buffer that is marked “unused”, if there are any. If all the buffers are “used”, store the currently decoded picture into a buffer that contains the oldest short-term picture. The currently decoded picture ID (PID) will then become the ID of that buffer, and this buffer becomes a short-term buffer. The following field PBI does not exist.

PBM = 10: 

Store the currently decoded picture into the buffer that contains a previously stored short-term picture with PIDP that is derived from the following field PBI.  If the picture with PIDP does not exist, the currently decoded picture shall be stored in one of the “unused” buffers, if there are any. 

If there is no picture with PIDP, and no “unused” buffer, the oldest short-term buffer shall be used to store this picture. The currently decoded picture ID (PIDC) will then become the ID of that buffer. The buffer will remain a short-term buffer.

PBM = 11:

Store the currently decoded picture into the buffer that contains a long-term picture with an Index (PIN) that is derived from the following field PBI. If there is no long-term buffer with a picture index PIN, the “unused” buffer shall be used to store this picture. If there is no long-term buffer that contains the same picture index, and no “unused” buffer, the oldest short-term buffer shall be used to store this picture. This buffer will still remain or become a long-term buffer with the long-term picture index derived from the following field PBI.

PBI: Picture Buffer ID or Index (variable length)

PBI field exists only if PBM = 10 or 11. 

If PBM = 10, PBI and the currently decoded picture ID (PIDC) are used to allocate a short-term picture buffer with PIDP according to the following equations:


MASK = (1 << 10) – 1;


PIDP = (PIDC + PBI + 1) & MASK;

If PBM  = 11, the PBI value itself is the picture Index  (PIN) to allocate a long-term picture buffer.


PIN = PBI;

Comparative Analysis of this Proposal and the Draft Annex U

This section contains a brief comparative analysis between this proposal and the existing draft Annex U.

(1) ERPS layer overhead when using long-term pictures

Highlight: 

In the example provided, the overhead of this proposal is 47 bits vs 114 to 131 bits of the existing draft Annex U.

Let’s use the following example:

Assume that

8 buffers total, 2 long-term pictures are kept and used for prediction, other 6 pictures are in and out in a FIFO manner.


The 2 long-term pictures have a PN of 30 and 31 respectively

The 6 other pictures, at one moment, have a PN of 300, 301, 302, 303, 304, and 305 respectively.

Please note that the PN of the 6 short-term pictures will be more than 300 for more than 70% of the time. When PN is bigger, the overhead would be bigger in this case.

In a typical background prediction scheme, one of the long-term pictures and the most recent picture are used for prediction more often. Other pictures are used less often. 

Assume that the order of the re-mapping would be:


30, 305, 304, 303, 302, 300, 31, 301

According to the existing Annex U design, the re-mapping of the above PN into index would use


19 + 19 + 3 + 3 + 3 + 5 + 19 + 19 + 1 = 91 bits.

The other ERPS layer (not including pruning) would use

        
1-bit ERPSI,10-bit PN,1-bit PNI,7-bit NRPA,2-bit RPB,1-bit RPI,17-bit RPN,1-bit API=>40 bits

If the field RPN does not exist, the other ERPS layer above would use 23 bits.

This translates into a total of 114 to 131 bits per header, or


3.42 ~ 3.93 Kbps for a single header per picture at 30 fps

20.52 ~ 23.58 Kbps for 6 slices per Picture.


61.56 ~ 70.74 Kbps for a CIF image with all GOB headers.

According this proposal, the two long-term pictures would be assigned a PIN of “0” and “1” respectively. The corresponding PID of the 6 short-term pictures would be 724, 723, 722, 721, 720, and 719 respectively due to the decrease of PID instead of increase for every coded and transmitted picture.  The order of the re-mapping would be:


0, 719, 720, 721, 722, 724, 1, 723

This would use 


2 + 2 + 3 + 3 + 3 + 5 + 3 + 3 = 24 bits 

For the same re-mapping, the existing Annex U uses 91 bits.

Under this proposal, other part of the ERPS layer would use


ERPS 1-bit, PID 10-bit, NLBI 1-bit, PPCI 2-bit, NBFR 7-bit, PBM 2-bit =>23 bits

The 3-bit NLB (for 2 long-term buffers) would only need to transmit a couple of times over a long period of time. Let’s say 5 times over 1500 frames, that’s  0.01 bit overhead per picture header.

In order to change the 2 short-term pictures to long-term pictures, it would need some bits depend on when the status gets changed. Let’s assume that after 5 frames, we decide to change a short-term picture to a long-term picture. It would use 6 bits for PIN = 0, and 8-bit for PIN = 1. Let’s assume we send the same message 5 times for error resilience purpose.  That’s 0.025 bit overhead per picture header, if these long-term pictures stay for 1500 frames.  If the message of changing one short-term picture to a long-term picture is carried by the next coded picture, it would only use 2 bits for PIN =0, and 4 bits for PIN =1.

Add everything together, this proposal would use 47.035 bits per  picture header, vs  114 ~131 bits of the existing proposal. This represents a saving of between 59% to 64%.

(2) Sliding Window operation

Sliding window is one of the most important modes of operation. Still Assume 8 buffers.

This proposal uses 

ERPS 1-bit, PID 10-bit, NLBI 1bit, PPCI 2-bit, NBFR 1-bit, and PBM 2-bit => 17-bit

The existing Annex U uses


ERPS 1-bit, PN 10-bit, PNI 1-bit, NRPA 7-bit, DPNI 1-bit, RPB 1-bit => 21-bit

The indices for reference picture addressing of the two proposals are virtually same, one based on PN, other based on PID, except that this proposal uses PID as the only ID for a picture, while the existing proposal also maintains a relative index besides the PN for a picture.

(3) Adaptive Remove Pictures

The two proposals all support the Removal of any picture at any given time.  However, under this proposal, this would almost never be used due to the fact that the current proposal has the capability to add a picture into any buffer.  This mode is included because the existing proposal has it.

(4) Add Pictures

The existing Annex U always adds picture at position “0”.

This proposal could add a picture to any buffer overwriting the existing picture. 

(5) Single Picture Addressing

The Existing Annex U uses NRPA (number of Reference Picture Active) to control the single picture addressing. Only Picture with Index “0” can be addressed throughout the whole frame.

This proposal uses NBFR (Number of Buffer For Re-mapping) to control the picture addressing. When only one picture is re-mapped, single picture addressing mode will be invoked.  Different GOB/Slice could use different picture for prediction. Some GOB/Slice may use one single picture, some other GOB/Slices may use multiple pictures or some other single picture for prediction.

(6) Error Resilience

The existing Annex U uses relative index for sliding window mode and PN for re-mapping.  As long as the relative index is not used under Adaptive Remove mode, error resilience should be pretty good. But the use of default index without re-mapping presents a potential problem under Adaptive Remove mode.

In this proposal, PID and PIN (picture index for long-term pictures) are the unique ID of all the buffers. The addressing is based on these two parameters. The error resilience should be equally good comparing to the existing Annex U. The message for status change (short-term to long-term) of a picture can be send multiple times to avoid picture loss problems. 

(7) Transition between Sliding window mode and Adaptive Remove mode

There is no transition under this proposal. One can choose whatever necessary on a frame basis. The long-term pictures are dealt differently from the short-term pictures. 

However, the existing Annex U may have problems due the fact that the PNs are no longer the correct measure for recognizing “old” pictures.  A role needs to be defined for this transition.
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