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1	Introduction


Contribution Q15-G-27 at the Monterey meeting� presented rate distortion curves for a set of test sequences over a range of bitrates.  A feature of the codec used was that a form of residual encoding was included as an additional block encoding method.


The plots and figures presented displayed a constant pattern.  At the lowest bandwidth in each case the SCT was ‘better’ than the anchor in PSNR terms.  As the bandwidth increased this advantage dropped until the curves for the anchor and SCT crossed, following which the discrepancy in delivered PSNR rapidly increased until, at the highest bandwidth in each case the SCT could be ‘worse’ than the anchor by several dB.


Since the Monterey meeting the algorithm implementation has been undergoing revision.  This has, in itself through minor bitstream optimisations, improved its performance.  More importantly for current purposes 'true' residual encoding� has been introduced as a content-reactive aspect of the codec, and a more efficient motion-compensation encoding for global camera motion has been introduced.


This contribution summarises the performance of the codec when the current enhancements have been incorporated.  For comparison purposes the results for the anchor and for the previous implementation of the SCT [fixed bits per frame mode] are also presented.





�


2	Basic Data


The sequences investigated comprise the set used in Q15-F-19 and Q15-F-27.  In each case (except for 'Glasgow') the initial frame is the initial frame of the anchor sequence.


Only the ‘fixed bitrate’ mode has been used since the ‘variable rate sequence’ mode used in Q15-F-19 was there shown to be inappropriate.





The summary data for the sequences used is presented in Table 1 and data for each sequence in Tables 2 to 8. 


3	Rate Distortion Curves


3.1	Mean PSNR Differences


Rate distortion curves for mean PSNR difference between the anchors and SCT for the compulsory sequences are given in Figure 1.  The horizontal axis is Q for the anchors to cluster the data within a fixed range.  The corresponding figure from contribution Q15-G-27 is presented in Figure 2. 


Comparing Figures 1 and 2 a number of things are apparent:


Each curve is improved in the sense that it is higher in Figure 1 than in Figure 2.  In other words the algorithmic enhancement has enabled an increase in quality in each case.


‘Irene’, ‘Foreman’ and ‘Glasgow’ are less strikingly affected than are the other sequences.


Most of the sequences show higher quality than the anchor at all Q, all but one of them do so for Q>5 and the remaining one does so for Q>13.


3.2	Mean PSNR for Individual Sequences


Hall Monitor


The MPSNR versus effective bandwidth rate distortion curve for ‘Hall Monitor’ is given in Figure 3.  With the previous implementation the ‘cross-over point’ for the anchor and SCT is at about 40kbps.  With the new implementation the SCT is superior to the anchor at all bandwidths.  


The ultimate objective of the H.26L programme is to develop a codec that can deliver equivalent quality to the current best H.263 version at half the bitrate.  The objective rate distortion curve for Hall Monitor is included in Figure 3 and correspondingly in all equivalent Figures.  Evidently in this case, as in the others, the SCT has not yet achieved the objective.  


The degree to which it is achieved for Hall Monitor can be seen from Figure 4 which plots the efficiency gain (relative to the anchor) against mean PSNR.  This plot is derived from linear interpolation between the test points for each of the codecs and is therefore only approximate.  A polynomial trendline of order 5 is included in Figure 4 to indicate the most probable trace.  As can be seen bandwidth efficiency gains of between roughly 10 and 20% are achieved for this test sequence.
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News


The PSNR versus effective bandwidth rate distortion curve for ‘News’ is given in Figure 5.  Once again there is a highly significant improvement with the new implementation.  The ‘cross-over point’ from February of about 60 kbps is eliminated and the SCT is superior to the anchor throughout the tested bandwidth range.


Figure 6 plots the efficiency gain (relative to the anchor) against mean PSNR for News.  Again an order 5 polynomial trendline is included.  Typical bandwidth efficiency gains in the range 10 to 15%, or greater, are revealed.
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Foreman


The PSNR versus effective bandwidth rate distortion curve for ‘Foreman’ is given in Figure 7.  This remains a difficult sequence and the SCT cannot yet match the anchor over the full range.  However the crossover point is raised to about 42 kbps. The MPSNR difference between the anchor and SCT ranges from the SCT being ‘better’ by approximately 0.6dB at 18kbps to ‘worse’ by 0.5dB at 150kbps.


Figure 8 plots the efficiency gain (relative to the anchor) against bandwidth for ‘Foreman’.  Again an order 5 polynomial trendline is included.  At the lower end of the bandwidth range the gain is of order 20% falling to a maximum loss of order 10%.
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An important reason for the relatively poor performance of the SCT for this sequence can be seen from Figure 9.  The SCT is relatively poor at portraying the pan and this lowers the mean PSNR curve severely.  However it is superior to the anchor for important parts of the initial and final portions of the sequence where the camera is relatively static.  Though the relatively poor performance for the pan is undesirable, perceptually it is not an important part of the sequence.


Figure 10 illustrates another aspect of the two codecs.  One reason why the anchor is superior to the SCT in this case is the distribution of bits between frames.  The anchor biases its allocation to enhance the quality of the pan portion.  The SCT is in minimum latency mode and therefore allocates closely the same number of bits to each frame.  For ‘Foreman’ it can therefore be seen that the difference in rate control for the two techniques is a major contributor to the difference in apparent performance.





�
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Silent Voice


The PSNR versus effective bandwidth rate distortion curve for ‘Silent Voice’ is given in Figure 11.  This sequence is now superior to the anchor by about 0.5dB throughout the bandwidth range.  As shown in Figure 12 this translates to an efficiency gain of about 10%.
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Irene


The PSNR versus effective bandwidth rate distortion curve for ‘Irene’ is given in Figure 13.  The SCT is superior to the anchor at the lower end of the bandwidth range but is still (very) marginally worse at the upper end.  In fact at the upper end the difference is unlikely to be perceptible.  


Figure 14 presents the bandwidth efficiency gain for the entire sequence.
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Glasgow


The PSNR versus effective bandwidth rate distortion curve for ‘Glasgow’ is given in Figure 15.  Though the ‘cross-over point’ is moved from about 64 kbps to about 220 kbps there remains a deficit of 0.2dB at 290 kbps.  


Figure 16 presents the bandwidth efficiency gain for the entire sequence.


The difference in response of the SCT relative to the anchor for this sequence in comparison with the majority of the others can again be traced to the different rate control schemes used.  Glasgow contains many scene changes.  Due to its constant bitrate mode the PSNR of the SCT momentarily drops to low levels at scene changes.  Though short-lived these events act significantly to depress the mean PSNR for the sequence.  The anchor redistributes bits to maintain quality and therefore does not suffer to the same extent from this depressive effect.
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Paris


The PSNR versus effective bandwidth rate distortion curve for ‘Paris’ is given in Figure 17.  For this sequence the improvement is striking.  The SCT now delivers performance that is up to 1.5dB better than the anchor over the full bandwidth range.  


Figure 18 reveals that this translates to a bandwidth efficiency gain of about 20% over most of the corresponding range of MPSNR.


4	Discussion


The SCT, in its current implementation, exhibits major advantages over the H.263 variant which was used to generate the anchors.  The latency properties of the SCT remain superior to H.263 because the codec can be used in bitstream-oriented mode rather than content quality mode.


Major pans, as for ‘Foreman’ and some parts of ‘Glasgow’, or scene changes as in ‘Glasgow’ can still have a significant influence on the mean PSNR since they represent portions of a sequence which the SCT in fixed bit allocation mode [as here] can have difficulty in representing.  Such events in the test sequences therefore tend to depress mean PSNR even where other portions of a sequence may be very well represented.  The anchor, since it uses fixed Q, is free to allocate additional bits to pans, scene changes and the like.   It therefore does not suffer from a corresponding bias.  It should, as usual, be noted however that variable bit allocation rate control schemes can, if desired, be incorporated into the SCT much more easily and precisely than they can into any H.263-like codec.


5	Summary


The results presented in this contribution demonstrate that a SCT implementation with true residual encoding included is usually capable of matching or bettering the anchor over most of the range of Q tested — and this with a much lower complexity codec.


6	Tables of Results


The following tables present the data upon which the rate distortion plots are based.  The ‘effective bitrate’ listed in � REF _Ref434303592 \* MERGEFORMAT �Table 1� is that computed for the remainder of the sequence when the initial frame is removed.  In the remaining tables this item is headed ‘Bandwidth’.





Sequence�
Q�
Size�
fps�
Effective Bitrate (kbps)�
MPSNR anchor�
MPSNR current implementation�
MPSNR previous implementation�
�
Hall Monitor�
10�
QCIF�
10�
16.69�
33.38�
34.25�
34.20�
�
News�
15�
QCIF�
10�
18.40�
30.00�
30.19�
30.49�
�
Foreman�
7�
QCIF�
10�
78.32�
34.13�
33.79�
32.77�
�
Silent Voice�
7�
QCIF�
15�
50.56�
34.24�
34.75�
34.32�
�
Glasgow�
10�
QCIF�
15�
91.64�
30.81�
31.14�
30.64�
�
Paris�
15�
CIF�
15�
104.90�
28.59�
29.68�
29.12�
�
Irene�
10�
CIF�
30�
213.08�
35.12�
35.24�
34.73�
�
Table � SEQ Table \* ARABIC �1�  Basic data for the tested sequences.





Hall Monitor at 10fps.�
�
Bandwidth�
Q�
MPSNR anchor�
MPSNR SCT (previous implementation)�
MPSNR SCT 


(current implementation)�
�
5.34�
25�
28.16�
28.69�
28.71�
�
10.05�
15�
30.98�
31.62�
31.80�
�
16.69�
10�
33.38�
34.20�
34.25�
�
25.57�
7�
35.29�
36.18�
36.55�
�
38.02�
5�
37.26�
37.34�
38.49�
�
50.54�
4�
38.91�
37.99�
39.75�
�
Table � SEQ Table \* ARABIC �2�  Mean PSNR data for ‘Hall Monitor’





‘News’ at 10fps.�
�
Bandwidth�
Q�
MPSNR anchor�
MPSNR SCT (previous implementation)�
MPSNR SCT 


(current implementation)�
�
9.65�
25�
27.16�
27.63�
27.85�
�
18.40�
15�
30.00�
30.19�
30.49�
�
30.60�
10�
32.45�
32.64�
32.98�
�
47.35�
7�
34.45�
34.80�
35.22�
�
68.16�
5�
36.53�
36.36�
37.49�
�
90.79�
4�
38.29�
37.44�
39.38�
�
Table � SEQ Table \* ARABIC �3� Mean PSNR data for ‘News’





‘Foreman’ at 10fps.�
�
Bandwidth�
Q�
MPSNR anchor�
MPSNR SCT (previous implementation)�
MPSNR SCT 


(current implementation)�
�
17.73�
25�
27.33�
27.52�
27.94�
�
32.01�
15�
29.91�
29.60�
30.11�
�
51.54�
10�
32.24�
31.25�
32.07�
�
78.32�
7�
34.13�
32.77�
33.79�
�
113.96�
5�
36.05�
34.06�
35.55�
�
153.74�
4�
37.62�
34.97�
37.07�
�
Table � SEQ Table \* ARABIC �4� Mean PSNR data for ‘Foreman’
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Silent Voice at 15fps.�
�
Bandwidth�
Q�
MPSNR anchor�
MPSNR SCT (previous implementation)�
MPSNR SCT 


(current implementation)�
�
10.23�
25�
27.94�
28.26�
28.41�
�
19.47�
15�
30.30�
30.45�
30.76�
�
32.53�
10�
32.45�
32.51�
32.84�
�
50.56�
7�
34.24�
34.32�
34.75�
�
74.64�
5�
36.23�
36.24�
36.72�
�
100.94�
4�
37.93�
37.84�
38.45�
�
Table � SEQ Table \* ARABIC �5� Mean PSNR data for ‘Silent Voice’





Glasgow at 15fps.�
�
Bandwidth�
Q�
MPSNR anchor�
MPSNR SCT (previous implementation)�
MPSNR SCT 


(current implementation)�
�
25.55�
25�
26.11�
26.64�
26.79�
�
51.81�
15�
28.55�
28.63�
29.03�
�
91.64�
10�
30.81�
30.64�
31.14�
�
144.44�
7�
32.80�
32.19�
33.11�
�
216.75�
5�
34.92�
33.41�
34.99�
�
294.23�
4�
36.60�
34.14�
36.38�
�
Table � SEQ Table \* ARABIC �6� Mean PSNR data for ‘Glasgow’





Paris at 15fps.�
�
Bandwidth�
Q�
MPSNR anchor�
MPSNR SCT (previous implementation)�
MPSNR SCT 


(current implementation)�
�
50.65�
25�
25.78�
26.48�
26.82�
�
104.90�
15�
28.59�
29.12�
29.68�
�
181.35�
10�
31.10�
31.71�
32.21�
�
281.48�
7�
33.22�
33.95�
34.59�
�
410.18�
5�
35.44�
35.57�
37.00�
�
542.74�
4�
37.28�
36.28�
38.70�
�
Table � SEQ Table \* ARABIC �7� Mean PSNR data for ‘Paris’


�



Irene at 30fps�
�
Bandwidth�
Q�
MPSNR anchor�
MPSNR SCT (previous implementation)�
MPSNR SCT 


(current implementation)�
�
65.63�
25�
30.77�
31.22�
31.57�
�
123.84�
15�
33.11�
33.05�
33.47�
�
213.08�
10�
35.12�
34.73�
35.24�
�
345.32�
7�
36.82�
36.31�
36.94�
�
522.95�
5�
38.60�
37.66�
38.60�
�
724.58�
4�
40.02�
38.62�
39.99�
�
Table � SEQ Table \* ARABIC �8� Mean PSNR data for ‘Irene’











� 16-19 February 1999


� i.e. relative to the current encoding rather than to the initial representation.
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