Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

2nd Meeting: Geneva, CH, Jan. 29 - Feb. 1, 2002
Document:  JVT-B047

Filename: JVT-B047.doc

Generated: 2002-01-18

Title:
Removal of EOB Coding Redundancy  

Status:
Input Document to JVT

Purpose:
Proposal

Author(s) or
Contact(s):
 Minhua Zhou
Texas Instruments Incorporated 
12500 TI Boulevard, MS 8649

 Dallas, Texas 75243, USA
Tel:
Emal:



 +1 214 480-3816
 zhou@ti.com

Source:
Texas Instruments

Introduction

In the current TML[1], a EOB is always appended after encoding DCT-coefficients of a block, independent of whether the last coefficient of the coded block (index N-1 in Figure 1) is zero or non-zero. Case b in Figure 1 illustrates a case in which the last coefficient in the block is non-zero, it has the same input signal form as case a according to the current run-length coding scheme, which is:

 (run0, level0), (run1, level1), (run2, level2), EOB

However, in case b the EOB is redundant. Since the block size is known, the decoder automatically detects that the whole block is decoded if the currently decoded non-zero is the (N-1)th (last) coefficient of the block (the coefficient index of a block cannot go beyond N-1). Therefore, in case b a more efficient coding should remove EOB from the VLC input coding symbol list, using:

(run0, level0), (run1, level1), (run2, level2)    



Removal of EOB in this case would save bit-rate. Although H.26L only uses one bit to represent EOB, the used 4x4 block size and double scan for high bit-rate coding could produce a reasonable amount number of redundant EOB bits in the bitstream. 
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Figure 1. H.26L Run-length coding examples

Reomoval of  EOB Coding Redundancy

The way of removing EOB coding redundancy is very simple, a EOB is inserted into bitstream after encoding (RUN, LEVEL) sequence of a coded block only if its last coefficient is zero.

For a robust decoder that does error detection by checking number of coefficients decoded, there is no complexity increase on the decoder side. For decoding block of N coefficients, if EOB is always transmitted, a robust decoder would do (*dct_zz is array to store the decoded coefficients and is pre-initialized to zero). 



ptr = -1; 
do {


UVLD_Dec(stream, &run, &level);    /* decode next (run, level) */
ptr +=run+1;
dct_zz[ptr] = level; 


}  while (level && ptr <N);

if (ptr >N || dct_zz[N]) return ERR_DETECTED; /* error detection */

Note: run and level are set to zero in the decoding table if EOB is decoded.

If EOB is conditionally transmitted, a decoder will do


ptr = -1; 
do {


UVLD_Dec(stream, &run, &level);    /* decode next (run, level) */
ptr +=run+1;
dct_zz[ptr] = level; 


}  while (level && ptr <N-1);

if (ptr >=N) return ERR_DETECTED; /* error detection */


So in decoding process the only difference is ptr < N replaced by ptr < N-1, no complexity increase. N could be 4, 8, 16 in TML. While in error detection step, we probably can save some cycles.


On the encoder side, the EOB (run=level=0) is conditionally added to the coding symbol (RUN, LEVEL) list by checking the value of the last coefficient. Therefore, there is a branch for each coded block. 

Experimental Results

Table 1 lists the testing results on the seven sequences with the frame-rate recommended in [2], all frames are coded in INTRA-frame. As shown in Table 1, the lower the QP is, the higher the wasted EOB rate is. Up to 0.95% over the total bit-rate was measured for the redundant EOB bits.  


QP = 2
QP = 4
QP = 8
QP = 16
QP = 24

Container (QCIF)
0.81
0.74
0.69
0.41
0.01

News (QCIF)
0.70
0.67
0.64
0.42
0.02

Foreman (QCIF)
0.95
0.88
0.79
0.44
0.03

Paris (CIF)
0.82
0.77
0.73
0.54
0.04

Silent (QCIF)
0.77
0.67
0.51
0.13
0.01

Mobile (CIF)
0.85
0.86
0.85
0.63
0.02

Tempete (CIF)
0.81
0.77
0.69
0.37
0.01

Table 1. Percentage of redundant EOB bits w.r.t the total bit-rate [%].

Conclusions

Considering that H.26L is the most advanced coding standard and there is no penalty in terms of complexity by introducing this minor change, it is recommended to adopt this proposal making H.26L one more bit superior to the previous MPEG and ITU-T video standards.  Also, an efficient I-frame only H.26L codec will be a good substitute to the existing motion JPEG (or even Motion JPEG200) and DV format which are currently widely used in applications like DSCs (Digital Still Camera) and Camcorders. 
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