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Summary

While implementing the H.26L test model, we’ve recently noticed certain visual performance deficiencies compared to H.263+. In particular, TML video quality seems to suffer when compared to H.263+ at high QP values and for many INTRA coded frames. The visual quality of TML appears worse than H.263+ in these cases even though the Rate-Distortion plots indicate an improvement. In this document we present our findings, although at this time, we have no proposed solutions.

High QP Coding

We have noticed two problems with the subjective quality of TML when operated with a high value of QP (24 and greater), compared against H.263+ at similar bitrates. First, decoded video exhibits a certain blockiness that is not as prevalent in the H.263+ video.  This has been seen using the coastguard clip and a basketball clip. These effects can be seen even though the PSNR indicates better performances for TML as shown in Tables 1 and 2.

Table 1 : Statistics for Coastguard (QCIF)


H.263+
TML

Quant / QP
24
26

Bit rate
23.34
23.56

PSNR
26.34
27.20

1st frame bytes
562
780

1st frame PSNR
27.29
28.49

Table 2: Statistics for Basketball (CIF)


H.263+
TML

Quant / QP
27
26

Bit rate
234.05
233.89

PSNR
31.78
30.38

1st frame bytes
1569
2606

1st frame PSNR
31.22
33.16

Second, the decoded video can exhibit severe contouring in regions with gradual gradients, such as a sky. This can easily be seen in the CIF images below that have been coded using intra coding in both H.263+ and TML.

Table 3: Statistics for Skate (CIF)


H.263+
TML

Quant / QP
18
27

Total bits
18640
19194

PSNR
31.72
31.03

Figure 1: H.263+
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Figure 2: H.26L
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The sky contouring problem led to an experiment in which a test pattern of gradual luma intensity increasing from black to white (Lumaramp) was used as input to both the H.263+ and TML encoders in intra coding mode. The TML encoder was unable to compress a left to right gradient  test pattern to the bitrate achieved by H.263+, even when QP extremes were used (lowest QP for H.263+ and highest QP for TML). For the diagonal gradient shown below, a QP value of 8 for H.263+ and QP of 28 for TML both resulted in approximately 8200 bits used. The PSNR for the H.263+ is 40.9 and for TML is 31.4. The resulting images are shown below.  This illustrates a serious deficiency in the intra coding efficiency of TML.
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Table 4: Statistics for Diagonal Lumaramp (CIF)


H.263+
TML

Quant / QP
8
28

Total bits
8136
8204

MB Header Bits
2436
6166

Luma Bits
5620
2004

PSNR
40.9
31.4

The Rate Distortion plot below shows the poor performance of the TML encoder on the synthetic test patterns. It appears that for the relatively simple case of a diagonal gradient, the TML encoder spends an excessive number of bits coding mode information. The next section details an experiment conducted to try to reduce the amount of overhead incurred in coding mode information.


INTRA Coding Mode Experiment

The objective of this experiment was to develop an alternate intra coding method that would require fewer bits to code the mode information. The goal was to allow the encoder to select one intra mode for an entire macroblock, if this proved beneficial in an R-D sense. Therefore, five new intra coding modes for a macroblock (MB) were added in addition to the modes previously defined. The five new modes (hereafter referred to as uni-ai modes) duplicate the already defined intra modes with the restriction that all 16 4x4 blocks within a macroblock must use the same mode. The mode selected by the encoder is signaled by adding a variable-length field to the header for intra MB’s.

The encoder was modified to choose the best mode for an intra MB using a rate-distortion comparison. The rate-distortion adjusted SAD (as described in the H.26L TML1 draft) was used to choose the best prediction mode for each 4x4 block within a macroblock. The rate-distortion adjusted SAD for these 4x4 blocks was accumulated to provide a multi-ai macroblock SAD. This was compared against unbiased SAD’s calculated for each of the uni-ai modes, which resulted in the best intra macroblock mode choice. The corresponding SAD was then compared against the best inter prediction SAD (as described in the H.26L TML1 draft). 

These modifications were made to an Intel version of the H.26L encoder (details can be found in the Appendix) and compared against H.263+ results. The modified encoder worked very well for compressing the luma ramp test pattern, achieving bit usage comparable to H.263+ and extensively using the new intra modes as can be seen in Table 5. However, these modifications did not seem to improve the performance of the encoder on the single skate frame, or on the basketball video clip as can be seen in Table 6 and Table 7.

Table 5: Left-Right Lumaramp (224x224)


H.263+
Intel  H.26L
Intel H.26L + uni-ai modes

Total Bits
1744
2792
1896

MB Header Bits
1345
2324
1428 (784 are uni-ai)

Luma Bits
308
182
182

Table 6: Statistics for Skate Frame (320x240)


Intel H.26L
Intel H.26L with uni-ai

Quant / QP
28
28

Total bits
15064
14816

PSNR
30.45
30.36

MB Header Bits
6876
6276

Luma Bits
6351
6401

Table 7: Statistics for Basketball (320x240)


H.263+
Intel H.26L
Intel H.26L+ uni-ai modes

Total Bits
52043
53367
52963

MB Header Bits
2047
9066
8763

Luma Bits
45580
38070
37940

When compressing the basketball clip, uni-ai modes were used in 18% of the macroblocks.

A sampling of clips was encoded with the new encoder and compared with the previous encoder. No differences at all can be seen when QP is less than 20. For QP above 20, pictures from the new encoder had occurrences of slightly improved detail in a few areas, and some cases of slightly better edge delineation. It was poorer in a few cases where new artifacts were observed; primarily in P frames, traces of objects from a previous frame could be seen. These differences were seen with the foreman and basketball clips. Container, coastguard, and hall showed very little difference at the QPs used. Overall, video quality from the new encoder looked the same. Furthermore, the PSNR charts obtained for these clips showed no observable differences using the new modes.

Another comparison with H.263+ was done to examine the effects of only allowing the uni-ai modes in the encoder.


H.263+
Intel H.26L
Intel H.26L+ uni-ai 
Intel H.26L (only uni-ai)

Total Bits
52043
53367
52963
54904

MB Header Bits
2047
9066
8763
2589

Luma Bits
45580
38070
37940
42442

This comparison shows that although the number of bits used to code the intra modes can be  significantly reduced using only the uni-ai modes, there is a corresponding increase in the bits used to code the luma. This can be attributed to the fact that, at times, a less efficient uni-ai mode was forced over the multi-ai mode. In general, it was found that for video clips, a net bit rate reduction of a few percent is obtained using the new modes when all I frames are coded, with larger gains occurring at higher QP’s.

Appendix

For all visual comparisons, postfilters were used, although PSNR data is without postfilters.

H.263+ data was obtained using Intel’s implementation of H.263+. Annexes I,  J, and T were used.

Intel H.26L is an implementation that differs from the TML H.26L in the following:

· Motion estimation techniques.

· Only one previous reference frame is used.

· Hadamard transform not used in motion estimation.

· Simple quantization only.

· Chroma 2x2 transform replaced by a simpler solution.

· Only 16x16, 8x8 and 4x4 block sizes are used in prediction.

· Rate distortion adjustments have been made.
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