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Summary


In this document, we propose a “error-resilient” mode of H.263L, which would be used over channels for which the baseline mode provides insufficient performance. The proposed error resilient mode has many similarities to the syntax in the MPEG-4 Verification Model (VM) Version 7.0, but also includes several important differences aimed at improving error resilience for P-frames. These differences are 1) reversible variable length codes (RVLCs) for combined COD/MCBPC information and motion vector difference (MVD) data; 2) inclusion of a last absolute motion vector into the packet to enable backward decoding of motion vectors (MVs); 3) a new single-thread predictive coding of motion vectors (described in detail as a separate proposal in document Q15-C-35) , which is also intended for backward decoding of motion vectors.





Syntax





Figure 1(a) shows the MPEG-4 VM 7.0 error resilient mode syntax, Figure 1(b) shows the proposed packet structure. In the proposed syntax, DCT and MV and header information will be coded with different reversible variable length codes, separated with markers inserted between them. The markers are designed such that they can not be emulated by any valid combinations of the codewords for the information before the marker, i.e. the Header Marker (HM) will be free of emulation by code words of the header data, the Motion Marker (MM) will be free of emulation by code words for motion data, etc. 





The header data section contains the codewords for all the COD/MCBPC information for all the MBs in the packet, the motion vector difference section contains the codewords for all the MVs for all the MBs in the packet, the DCT section contains the codewords for all the quantized and run-length coded DCT coefficients for all the MBs in the packet and the H.263+ header information (e.g. CBPY, etc.) for the correct decoding of DCT data for each MB. This is in contrast to H.263+, in which each MB contains its own headers, MVs and DCT coefficients for  its 4 blocks. As stated above, the differences between the proposed syntax and the MPEG-4 syntax are the RVLCcoding method for the header information and MVD and the presence of the last absolute MV. 
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Figure 1(a) MPEG-4 Syntax with data Partitioning
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Figure 1 (b) Proposed H.263L Error-Resilient Packet Structure





Besides the adoption of RVLCs, there are two major differences between the above proposed error resilient syntax and the default syntax (e.g. the syntax of H.263+). First, the packets in the error resilient mode begin with a Resynchronization Marker (RM), which is unique from the packet data, including RVLCs for header information, DCT and motion, as well as HM and MM. The suggested value for RM, HM, MM can be found in Table 0. To improve error resilience, the distance between adjacent RMs should be approximately constant: a RM is inserted by the encoder before the first MB after the number of bits output since the last RM exceeds a predetermined value (this value will depend on the bitrate of the compressed video and parameters of the channel through which the bitstream is transmitted). This is in contrast to H.263+, in which the bitstream between two consecutive picture start codes (PSCs) contains information for an entire frame. In the proposed syntax, the PSC used before each frame in the default H.263+ syntax is no longer present, nor are the GOB layer headers. 





The second major difference with respect to H.263+ is that the header now contains RVLC for combined COD/MCBPCs (each with a different table).  This will allow the decoder to find the number of MBs transmitted in the packet and the number of motion vector differences (MVDs) contained in the motion field when the header is decoded correctly. This information would help the subsequent error detection and data recovery for the rest of the packet. The DCT header information (e.g. CBPY for each MB) is put in the DCT data section of the packet, before the codewords for DCT coefficients of the corresponding MB.





The header marker (HM) is a 9-bit word that is chosen to be unique from any possible valid combination of the header RVLC. The value of the HM is 1010 0010 1. The MM separates the end of the motion data with the rest of the packet to enable backward decoding of the RVLC for motion, its length and value depend on the parameter k  of the RVLC used. When the k=1, the MM is the 8 bit-word 0001 0001, when k=2, the MM is the 9-bit word  0000 0000 1. The MM for the RVLC with k=0 will likely be 0000 0000 1, pending results of our error tests.


Entropy coding of MVD


In the MPEG-4 VM, an extended range of motion vectors can be reached with the use of the a three-bit “fcode” at picture level to say that there are [fcode-1] more significant bits added to all motion vectors. This implies a motion vector range of +/- 16*2[fcode-1] pixels. The motion vectors are then coded by an entry of the ordinary MVD table followed by the [fcode-1] most significant bits. This scheme has the drawback that all motion vectors, including the short ones, get longer codes. Also, the code length is no longer an increasing function of the motion vector length. For example, with fcode = 2, the code length for MVD=17 pixels is 4 bits, while MVD=15 results in 13 bits.  However, this can make the motion bitstream non-reversible. In addition, the coding efficiency of this method is not very good because the length for each non-zero code word is increased.


Another way of coding long motion vectors without penalty to the efficiency of shorter motion vectors was adopted in H.263+ as part of Annex D, in which a structured RVLC is used (the RVLC with k=0 in Table 1) when the Unrestricted Motion Vector mode is turned on. Since this is a code that can achieve both good coding efficiency and error robustness with reversibility, we propose that the k=0 VLC from Table 1 serve as the default table for motion vectors whenever the system is operating in the error resilient mode. In addition, RVLCs with k=1 and k=2 from Table 1 would be available as options for use in the error resilient mode. In general, it will be better to use a higher value of k when transmitting over a noisier channel. 


To ensure that two-way encoding does not cause RM emulation, the encoder will add a “1” (the code for MVD=0) after a pair of MVD=1/2 codes. For example, one would code the pair (MVD_x,MVD_y)=(1/2,1/2) as “000” “000” “1”, while the pair  (MVD_x,MVD_y)=(-1/2,1/2) would be coded as “010” “000”. This leads to a maximum of 6 heading and 4 trailing zeros for any MVD-pair. Note that any other code word than “000” has a maximum of 2 heading and 2 trailing zeros.  The frequency of  extra “1”’s added is normally low, typically involving an overhead of between 0 and 10 bits per CIF image.  


Predictive coding method for motion vectors


To facilitate backward decoding of the MVs using the sequence of MVDs and the last absolute MV in the packet (which are all coded with RVLC and backward decodable), a new predictive coding method, called “single thread motion vector prediction”, is used for motion vectors in a packet. Details of the new prediction method are described in document Q15-C-35.











�
Value�
Length�
�
Resynchronization Marker�
0000 0000 0000 0000 1�
17�
�
Header Marker�
1010 0010 1�
9�
�
Motion Marker�
0000 0000 1 (k=0)�
9�
�
Motion Marker�
0001 0001 (k=1)�
8�
�
Motion Marker�
0000 0000 1 (k=2)�
9�
�
Table 0  Marker Definition
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Absolute Value of Motion Vector�
RVLC with k=0�
RVLC with k=1�
RVLC with k=2�
�
Component (Vertical or Horizontal) in half-pel units�



code�



length


(Bits)�



Code�



Length


(Bits)�



code�



Length


(Bits)�
�
0�
1�
1�
01�
2�
001�
3�
�
1�
0s0�
3�
101s�
4�
01s�
3�
�
2�
001s0�
5�
111s�
4�
1010s�
5�
�
3�
011s0�
5�
10001s�
6�
1011s�
5�
�
4�
00101s0�
7�
10011s�
6�
1110s�
5�
�
5�
00111s0�
7�
11001s�
6�
1111s�
5�
�
6�
01101s0�
7�
11011s�
6�
100010s�
7�
�
7�
01111s0�
7�
1000001s�
8�
100011s�
7�
�
8�
0010101s0�
9�
1000011s�
8�
100110s�
7�
�
9�
0010111s0�
9�
1001001s�
8�
100111s�
7�
�
10�
0011101s0�
9�
1001011s�
8�
110010s�
7�
�
11�
0011111s0�
9�
1100001s�
8�
110011s�
7�
�
12�
0110101s0�
9�
1100011s�
8�
110110s�
7�
�
13�
0110111s0�
9�
1101001s�
8�
110111s�
7�
�
14�
0111101s0�
9�
1101011s�
8�
10000010s�
9�
�
15�
0111111s0�
9�
100000001s�
10�
10000011s�
9�
�
16�
001010101s0�
11�
100000011s�
10�
10000110s�
9�
�
17�
001010111s0�
11�
100001001s�
10�
10000111s�
9�
�
18�
001011101s0�
11�
100001011s�
10�
10010010s�
9�
�
19�
001011111s0�
11�
100100001s�
10�
10010011s�
9�
�
20�
001110101s0�
11�
100100011s�
10�
10010110s�
9�
�
21�
001110111s0�
11�
100101001s�
10�
10010111s�
9�
�
22�
001111101s0�
11�
100101011s�
10�
11000010s�
9�
�
23�
001111111s0�
11�
110000001s�
10�
11000011s�
9�
�
24�
011010101s0�
11�
110000011s�
10�
11000110s�
9�
�
25�
011010111s0�
11�
110001001s�
10�
11000111s�
9�
�
26�
011011101s0�
11�
110001011s�
10�
11010010s�
9�
�
27�
011011111s0�
11�
110100001s�
10�
11010011s�
9�
�
28�
011110101s0�
11�
110100011s�
10�
11010110s�
9�
�
29�
011110111s0�
11�
110101001s�
10�
11010111s�
9�
�
30�
011111101s0�
11�
110101011s�
10�
1000000010s�
11�
�
31�
011111111s0�
11�
10000000001s�
12�
1000000011s�
11�
�
32�
00101010101s0�
13�
10000000011s�
12�
1000000110s�
11�
�



Table 1 Code table of RVLC for MVD
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COD�
MCBPC�
Codeword


(for combined COD+MCBPC)�
Length


(Bits)�
�
1�
�
1�
1�
�
0�
1�
010�
3�
�
0�
010�
0110�
4�
�
0�
011�
01110�
5�
�
0�
0010�
011110�
6�
�
0�
0011�
001100�
6�
�
0�
0001 1�
0111110�
7�
�
0�
0001 00�
0011100�
7�
�
0�
0001 01�
0001000�
7�
�
0�
0000 011�
01111110�
8�
�
0�
0000 100�
00111100�
8�
�
0�
0000 101�
00011000�
8�
�
0�
0000 110�
011111110�
9�
�
0�
0000 111�
001111100�
9�
�
0�
0000 0100�
000111000�
9�
�
0�
0000 0101�
000010000�
9�
�
0�
0000 0011�
0111111110�
10�
�
0�
0000 0010 1�
0011111100�
10�
�
0�
0000 0010 0�
0001111000�
10�
�
0�
0000 0001 1�
0000110000�
10�
�
0�
0000 0001 0�
01111111110�
11�
�
0�
0000 0000 1�
00111111100�
11�
�



Table 2 RVLC for Combined COD+MCBPC Information
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MB with 4 MVs.





MB with 1 MV





Figure 2  Single thread motion vector prediction method. Arrows designate motion vector prediction directions,  MB (macro block) designates a 16x16 block in the frame, MV, PMV  and MVD designates motion vector, predicted motion vector and motion vector difference respectively. More details can be found in document Q15-C-35.











