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1	Introduction


Contribution Q15-F-19� at the Seoul meeting� presented rate distortion curves for a set of test sequences over range of bitrates.  A feature of the codec used was that no residual encoding was used.


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 was ‘worse’ than the anchor by several dB.


Since the Seoul meeting the algorithm implementation has been re-engineered to a more modular form.  This has, in itself through minor bitstream optimizations, improved its performance.  More importantly for current purposes a form of residual encoding, based on wavelets in 4x4 pixel blocks, has been introduced as a component for optional inclusion.


This contribution summarizes the performance of the codec when this optional mode is enabled.  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.  In each case 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 shown there to be inappropriate.


The summary data for the sequences used is presented in Table 1and 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 � REF _Ref442889076 \h ��Figure 1�.  The horizontal axis is Q for the anchors to cluster the data within a fixed range.  The corresponding figure from contribution Q15-F-19 is presented in � REF _Ref442889288 \h ��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 enabling of residual encoding has enabled an increase in quality in each case.


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


All the sequences still show lower quality than the anchor at Q=4


on the other hand


Three sequences [‘Hall Monitor’, ‘Silent Voice’ and ‘Paris’] are superior to the anchor down to Q=5, and ‘News’ has dropped less than 0.2dB below the anchor at Q=5 having been superior at all higher levels tested.


The variation in response to residual encoding is obviously content-dependent and requires explanation.  This is attempted in Section � REF _Ref443316293 \r \p �4 below�.  Before that it is worth looking more closely at results for the individual sequences.


3.2	Mean PSNR for Individual Sequences


The PSNR versus effective bandwidth rate distortion curve for ‘Hall Monitor’ is given in � REF _Ref443137116 \h ��Figure 3�.  Without residual encoding the ‘cross-over point’ for the anchor and SCT is at about 20kbps.  With residual encoding enabled this point moves up to about 40kbps in a bandwidth band where the slope of the rate distortion curve has considerably reduced. 


The PSNR versus effective bandwidth rate distortion curve for ‘News’ is given in � REF _Ref443137164 \h ��Figure 4�.  Once again there is a highly significant improvement with residual encoding at the higher end of the bitrate band.  The ‘cross-over point’ is raised from about 24kbps to about 62kbps.


The PSNR versus effective bandwidth rate distortion curve for ‘Foreman’ is given in � REF _Ref443137176 \h ��Figure 5�.  Residual encoding does provide an improvement but only at a low level.  Over the lower part of the bandwidth range residual encoding provides about 0.1 to 0.2 dB improvement with the maximum improvement at the top of the range being only about 0.6dB.  The ‘cross-over point’ moves only marginally.


The PSNR versus effective bandwidth rate distortion curve for ‘Silent Voice’ is given in � REF _Ref443137185 \h ��Figure 6�.  In contrast to ‘Foreman’ ‘Silent Voice’ shows a material improvement with the enabling of residual encoding.  Of essentially unchanged quality at the lowest bandwidth tested the improvement rapidly grows to approximately 1.9 dB.  The SCT and anchor curves come together at about 50kbps and thereafter are within about 0.1dB until the highest bandwidth tested.


�


Figure � SEQ Figure \* ARABIC �1�  The difference in mean PSNR [SCT-H.263] for the sequences indicated, with the SCT in fixed-rate mode and with residual encoding enabled.  The vertical axis gives PSNR difference and the horizontal axis Q for the anchor comparison.


�


Figure � SEQ Figure \* ARABIC �2�  The difference in mean PSNR [SCT-H.263] for the sequences indicated, with the SCT in fixed-rate mode and with residual encoding disabled.  This figure reproduces Figure 2 of Q15-F-19.  The vertical axis gives PSNR difference and the horizontal axis Q for the anchor comparison.


�


Figure � SEQ Figure \* ARABIC �3�  Rate distortion curve [PSNR versus bandwidth] for 'Hall Monitor'.  See Text.





�


Figure � SEQ Figure \* ARABIC �4�  Rate distortion curve [PSNR versus bandwidth] for ‘News'.  See Text.





The PSNR versus effective bandwidth rate distortion curve for ‘Irene’ is given in � REF _Ref443137198 \h ��Figure 7�.  Though there is an improvement throughout the bandwidth range it is the lowest overall for any sequence.  The ‘cross-over point’ is almost unchanged.  Though the original discrepancy between anchor and SCT was less for this sequence than for any other even without residual encoding, the modesty of the improvement is disappointing.


The PSNR versus effective bandwidth rate distortion curve for ‘Glasgow’ is given in � REF _Ref443137208 \h ��Figure 8�.  Though the ‘cross-over point’ is moved from about 40kbps to about 64kbps there remains a difference of greater than 2.0dB above 256kbps.  Nevertheless, up to about 100kbps the SCT now stays within about 0.2dB of the anchor.


The PSNR versus effective bandwidth rate distortion curve for ‘Paris’ is given in � REF _Ref443137217 \h ��Figure 9�.  For this sequence the improvement is striking.  The SCT now delivers performance which is 0.5dB better than the anchor up to about 300kbps.














�


Figure � SEQ Figure \* ARABIC �5�  Rate distortion curve [PSNR versus bandwidth] for 'Foreman'.  See Text.


�


Figure � SEQ Figure \* ARABIC �6�  Rate distortion curve [PSNR versus bandwidth] for 'Silent Voice'.  See Text.





�


Figure � SEQ Figure \* ARABIC �7�  Rate distortion curve [PSNR versus bandwidth] for 'Irene'.  See Text.


�


Figure � SEQ Figure \* ARABIC �8�  Rate distortion curve [PSNR versus bandwidth] for 'Glasgow'.  See Text.





�


Figure � SEQ Figure \* ARABIC �9� Rate distortion curve [PSNR versus bandwidth] for ‘Paris’.  See Text.


4	Discussion


The variability of the response of individual sequences to residual encoding requires explanation.  We have not yet performed sufficiently detailed studies to be categorical, but useful clues can be gained from an examination of the characteristics of the sequences.





Sequence�
          Characteristics�
Response�
�
Hall Objects�
Fixed camera; many bright, low contrast surfaces but good contrast between surfaces; moderate motion�
Good�
�
News�
Fixed camera; many bright, low contrast surfaces; some complex motion�
Good�
�
Foreman�
Unsteady camera; major pan�
Poor�
�
Silent Voice�
Fixed camera; highly detailed static background; limited motion�
Good�
�
Irene�
Fixed camera; dark, low contrast static background; dark dress; moderate motion�
Moderate�
�
Glasgow�
Many scene changes; some pans and fades; generally much high contrast detail; noisy [captured from VHS using a low-end frame grabber]�
Moderate/Poor�
�
Paris�
Fixed camera; highly detailed static background; moderate motion�
Good�
�



In other words good response to residual encoding appears to be correlated with fixed camera and high contrast, bright content; poor response appears to be correlated with complex motions and/or scene changes whilst image noise and/or low SNR contributes to poorer response.


The SCT, as currently implemented, is optimized for the encoding of complex internal motions of the scene; each block used for motion compensation is accompanied by its own motion vector.  Where global image motion is involved this encoding scheme is sub-optimal with bits assigned to motion vectors being inefficiently used.  Consideration is currently being given to allowing more efficient representation of motion vectors so freeing bits for the improved representation of detail.  In the meantime global motion, such as for ‘Foreman’ will tend to depress achieved quality.


Major pans, as for ‘Foreman’ and some parts of ‘Glasgow’, or scene changes as in ‘Glasgow’ have a very large influence on the mean PSNR since they represent portions of a sequence which the SCT in fixed bit allocation mode [as here] has difficulty in representing.  Such events 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.


Finally there is the issue of noise.  The SCT currently uses only a small residual-encoding block.  The objective is to represent the image signal and not variable noise superimposed on it.  DCT, it would seem, can accommodate representation of noise better than can the wavelets employed by the SCT.  This would certainly seem to explain the disappointing response of ‘Irene’ in comparison, for instance, to the more complex ‘Paris’.


5	Summary


At the time of the Seoul meeting it was demonstrated that the SCT could out-perform the anchor at low bitrates [high Q] for all the specified sequences except ‘Container Ship’�.  At that time the performance of the SCT was between 2 and 5.5dB below the anchor at the lowest specified Q.  A characteristic of the SCT at that time was the absence of residual encoding.


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


At PSNR above 30 there are only minor, largely undetectable perceptual gains with increase in PSNR.  Hence, it is contended, the low complexity of the SCT when combined with its PSNR performance continues to justify its position as a leading contender for the basis of a new standard.


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 with residual encoding�
MPSNR without residual encoding�
�
Hall Monitor�
10�
QCIF�
10�
16.69�
33.38�
34.20�
33.52�
�
News�
15�
QCIF�
10�
18.40�
30.00�
30.19�
30.09�
�
Foreman�
7�
QCIF�
10�
78.32�
34.13�
32.77�
32.53�
�
Silent Voice�
7�
QCIF�
15�
50.56�
34.24�
34.32�
33.77�
�
Glasgow�
10�
QCIF�
15�
91.64�
30.81�
30.64�
29.91�
�
Paris�
15�
CIF�
15�
104.90�
28.59�
29.12�
28.76�
�
Irene�
10�
CIF�
30�
213.08�
35.12�
34.73�
34.68�
�
Table � SEQ Table \* ARABIC �1�  Basic data for the tested sequences.





�



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


(no re)�
�
5.34�
25�
28.16�
28.69�
28.68�
�
10.05�
15�
30.98�
31.62�
31.55�
�
16.69�
10�
33.38�
34.20�
33.52�
�
25.57�
7�
35.29�
36.18�
34.60�
�
38.02�
5�
37.26�
37.34�
35.33�
�
50.54�
4�
38.91�
37.99�
35.80�
�
Table � SEQ Table \* ARABIC �2�  Mean PSNR data for ‘Hall Monitor’





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


(no re)�
�
9.65�
25�
27.16�
27.63�
27.69�
�
18.40�
15�
30.00�
30.19�
30.09�
�
30.60�
10�
32.45�
32.64�
32.27�
�
47.35�
7�
34.45�
34.80�
33.63�
�
68.16�
5�
36.53�
36.36�
34.43�
�
90.79�
4�
38.29�
37.44�
34.81�
�
Table � SEQ Table \* ARABIC �3� Mean PSNR data for ‘News’





‘Foreman’ at 10fps.�
�
Bandwidth�
Q�
MPSNR anchor�
MPSNR SCT (var)�
MPSNR SCT (fixed)�
�
17.73�
25�
27.33�
27.52�
27.41�
�
32.01�
15�
29.91�
29.60�
29.41�
�
51.54�
10�
32.24�
31.25�
31.10�
�
78.32�
7�
34.13�
32.77�
32.53�
�
113.96�
5�
36.05�
34.06�
33.68�
�
153.74�
4�
37.62�
34.97�
34.39�
�
Table � SEQ Table \* ARABIC �4� Mean PSNR data for ‘Foreman’


�



Silent Voice at 15fps.�
�
Bandwidth�
Q�
MPSNR anchor�
MPSNR SCT (re)�
MPSNR SCT


(no re)�
�
10.23�
25�
27.94�
28.26�
28.31�
�
19.47�
15�
30.30�
30.45�
30.39�
�
32.53�
10�
32.45�
32.51�
32.25�
�
50.56�
7�
34.24�
34.32�
33.77�
�
74.64�
5�
36.23�
36.24�
35.08�
�
100.94�
4�
37.93�
37.84�
35.96�
�
Table � SEQ Table \* ARABIC �5� Mean PSNR data for ‘Silent Voice’





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


(no re)�
�
25.55�
25�
26.11�
26.64�
26.55�
�
51.81�
15�
28.55�
28.63�
28.47�
�
91.64�
10�
30.81�
30.64�
29.91�
�
144.44�
7�
32.80�
32.19�
30.84�
�
216.75�
5�
34.92�
33.41�
31.46�
�
294.23�
4�
36.60�
34.14�
31.76�
�
Table � SEQ Table \* ARABIC �6� Mean PSNR data for ‘Glasgow’





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


(no re)�
�
50.65�
25�
25.78�
26.48�
26.47�
�
104.90�
15�
28.59�
29.12�
28.76�
�
181.35�
10�
31.10�
31.71�
30.31�
�
281.48�
7�
33.22�
33.95�
31.15�
�
410.18�
5�
35.44�
35.57�
31.57�
�
542.74�
4�
37.28�
36.28�
31.75�
�
Table � SEQ Table \* ARABIC �7� Mean PSNR data for ‘Paris’


�



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


(no re)�
�
65.63�
25�
30.77�
31.22�
31.10�
�
123.84�
15�
33.11�
33.05�
33.02�
�
213.08�
10�
35.12�
34.73�
34.68�
�
345.32�
7�
36.82�
36.31�
36.09�
�
522.95�
5�
38.60�
37.66�
37.20�
�
724.58�
4�
40.02�
38.62�
37.86�
�
Table � SEQ Table \* ARABIC �8� Mean PSNR data for ‘Irene’











� ‘Technical Data in support of the SCT H.26L Proposal Demonstrations’


� 3-6 November 1998


�  The University of Strathclyde does not possess a copy of the Container Ship source sequence.  Despite a request on the reflector a copy has not been located.  The lack of functionality for this sequence is thus one of demonstration.  In fact there is no reason to suppose that the SCT would behave in a qualitatively different way for this sequence than for the others.
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