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Purpose:	This document illustrates the proposals in LBC-97-016 “Addition to the H.263L Experiment Conditions” by application to an instance of one sequence compressed at one bitrate by each of two proposed algorithms for H.263L, submitted by the University of Strathclyde and by Iterated Systems, Inc.�



 Introduction


This contribution adopts the additions to the set of common conditions for H.263L experiments set out in LBC-97-016 and applies them to a particular pair of proposed algorithms. 


LBC-97-016 includes illustrative plots of the type of data that might be produced during comparison of algorithms using the proposed techniques.  The purpose of this contribution is principally to illustrate the application of these techniques to the case of a pair of innovative algorithms proposed for inclusion in the H.263L standard.  As such the data provided is less than would be expected to be supplied for consideration by the experts group before final selection of included algorithms could be made.  Only one compound sequence is considered and only a single bitrate. Nevertheless the algorithms compared are proposed in good faith for consideration for inclusion in the standard and in that sense this contribution also represents a preliminary report of their comparison.  The algorithms are those proposed by the author’s companies, and each has been described to the experts group during 1996.


 Adopted Test Conditions


The adopted test sequence is 600 frames composed by concatenating the Foreman sequence (initially) with the Silent Voice sequence (finally).  This sequence was adopted for the following reasons :


The sequence is sufficiently long to allow stability to be achieved, i.e. it may reasonably be assumed that the algorithmic performance towards the end of the sequence is independent of the starting conditions.


Part of the sequence (the Foreman section) was acquired using a unstable (hand-held?) camera so that there are constant, irregular, low amplitude pointing oscillations.


There is a rapid pan late in the Foreman section.


There is an abrupt scene change between the two component sequences.


Part of the sequence (the Silent Voice section) was acquired using a very stable camera and includes only limited areas of rapid motion.


For both algorithms every third frame was coded, i.e. an effective rate of  10fps.  Rate control strategies intended for minimum delay, and therefore ensuring near-constant bit allocations per frame, were adopted to ensure valid comparability.


Only the Y-plane values are considered.


The adopted channel bitrate was 24kbps.


It was intended that the same initial frame be used for both algorithms to minimise the effects of possible starting condition differences.  This frame was prepared and supplied by Iterated Systems Inc.  In the event, for reasons unresolved at the preparation of this document, though the bit allocation for the adopted initial frames was identical in each case (9822 bits) the PSNR determined for that used by the Iterated Systems codec was rather higher than that used by the Strathclyde codec (29.7459 compared to 28.2541 dB).  Though unintended, the effects of this discrepancy are not severe and it is believed that any resulting distortions do not penetrate far into the sequence.





Results Obtained


PSNR Per Frame


LBC-97-016 includes the following :


Requirement:  For each sequence defined in the set of common conditions, a proposal must provide a graph showing the PSNR for each frame versus the frame number.  For algorithms that skip frames, the skipped frame padding technique shall be used to pad the decoded output so that it contains exactly the same number of frames as the original.


Since the same frames were encoded for each algorithm it is legitimate to compare the PSNR achieved by them for the frames actually encoded.  Figure 1 includes plots for both algorithms


�


Figure 1.  PSNR versus encoded frames for the Strathclyde proposal (SCT) and Iterated Systems Inc. proposal (IS).  Variations of performance with scene content are very apparent, both within and between the plotted traces.





The requirement specifies that frame padding must be applied to PSNR plots.  When this is done for the conditions reported here it is very difficult to distinguish between the plots in black and white on a single graph.  Accordingly the padded PSNR versus frame number data is presented individually in Figures 2 and 3.


Bit allocation.


LBC-97-016 includes the following :


Requirement:  For each sequence, a proposal must provide a graph showing, for each frame coded, the number of bits used to code that frame versus the frame number.  WhilestEither a scatter plot of points is preferred,or a continuous curve is also acceptable.


Figure 4 presents this data for both algorithms on the same graph as a pair of line plots.
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Figure 2.  Padded PSNR versus source sequence frame for the SCT.
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Figure 3.  Padded PSNR versus source sequence frame for the IS proposal.
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Figure 4.  Bits allocated per encoded frame for the two proposals, with the exception of the first frame.  The effects of different detailed rate control strategies are clearly demonstrated.  The SCT adopts a strict policy of as nearly as possible identical bit allocations per frame.  The Iterated Systems codec adopts a rather more sophisticated approach which attempts to react to instantaneous quality variations.  Both, however, control actual bits allocated within tight limits.
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Figure 5.  Cumulative delay for each of the proposed algorithms, the effect of the initial frame being removed as proposed in LBC-97-016.  Since the same frames are encoded for each algorithm the effect of padding is not included.  If it were included there would be a regular waveform four source frames long and with amplitude 200ms added on top of each of the traces.  The effect of the different rate control algorithms can clearly be seen in that the Iterated Systems codec has more variable delay and a clear excess over the final 150 frames.  This having been said the maximum delay is less than 175ms.


Delay


LBC-97-016 includes the following :


Requirement:  For each sequence defined in the set of common conditions, a proposal must provide a graph showing the delay for each frame versus the frame number.  


Figure 5 presents this data for both algorithms on the same graph.


PSNR Difference


LBC-97-016 includes the following :


Requirement:  For each sequence defined in the set of common conditions, a proposal must provide a graph showing the difference in PSNR per frame between the proposal and either the Test Model or another proposed algorithm, both being padded to the full input frame count.


Figure 6 presents this data for the two proposed algorithms.


�


Figure 6.  Difference in PSNR (SCT value minus IS value) for the full padded sequence.  In purely PSNR terms the SCT is ‘better’ than the IS proposal where the trace is greater than zero and ‘worse’ otherwise. Caution should be used in interpretation of this data however because of the influence of other factors -- see Section 4.





Difference in Bits per Frame


LBC-97-016 includes the following :


Requirement:  For sequences defined in the set of common conditions, a proposal must provide a graph showing the difference in bits used per frame between the proposal and either the Test Model or another proposed algorithm for cases where both code exactly the same frames.  Note that it may be beneficial to plot the difference in bits used per frame by padding out each proposal to the full input frame count and applying a value of zero bits to frames which were not coded.  


Because the bit allocation for the SCT is so constant little would be conveyed by this plot in this case.  The equivalent data can readily be obtained from an examination of Figure 4.


Difference in Delay


LBC-97-016 includes the following :


Requirement:  For each sequence defined in the set of common conditions, a proposal must provide a graph showing the difference in delay per frame between the proposal and either the Test Model or another proposed algorithm, both being padded to the full input frame count.


Because the delay for the SCT is so constant little would be conveyed by this plot in this case.  The equivalent data can readily be obtained from an examination of Figure 5.


PSNR versus PSNR


LBC-97-016 includes the following :


Requirement:  For each sequence defined in the set of common conditions, a proposal must provide a graph showing the difference in PSNR per frame between the proposal and either the Test Model or another proposed algorithm, both being padded to the full input frame count.





Figure 7 plots PSNR versus PSNR for equivalent frames, distinguishing between padded and encoded frames.
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Figure 7.  PSNR for the SCT (vertical axis) against PSNR for the Iterated Systems codec (horizontal axis) for equivalent frames.  The effect of padding can clearly be seen in the long ‘tail’ of symbols.  Encoded frames are connected by a dotted line.  The diagonal solid line indicates where PSNR is equal for the two proposals.  Therefore, in PSNR terms relative to the complete sequence of source frames, for points below the solid line the Iterated Systems codec is ‘better’ than the SCT and for points above it is ‘worse’.





�


Figure 8.  PSNR versus bit allocation for the encoded frames for each of the proposals.  Since the SCT has essentially constant bit allocation but wide spread of PSNR its trace forms a vertical narrow band.  The IS proposal, on the other hand, tends to transit between relatively high bits allocated and relatively low bits allocated for locally constant PSNR.
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Figure 9.  Difference in PSNR versus ratio of bits allocated for the frames encoded by the two algorithms. On the vertical axis a value in excess of zero indicates that the SCT has a higher PSNR whilst a value less than 1.0 on the horizontal axis indicates that the SCT uses fewer bits.  In this case there seems little to choose between the proposals.  For algorithms which have variable frame rates and bit allocations, plots of this type should be more informative.





PSNR versus Bit Allocation


LBC-97-016 includes the following :


Requirement:  For each sequence defined in the set of common conditions, a proposal must provide a graph showing the PSNR per encoded frame plotted against the bit allocation for the corresponding frame.  Where two algorithms are being compared, such a plot must be provided which records this data for both algorithms, the two being distinguished by plot symbol, color, or other appropriate means.


Figure 8 presents this data for the two algorithms being compared.


PSNR Difference versus Bit Allocation Ratio


LBC-97-016 invites proposers to present comparative data to make explicit “any systematic differences in performance between the algorithms under consideration”.  Figure 9 presents the data of Figure 8 in a different form.  It takes advantage of the fact that the same frames are being encoded in each case and plots difference in PSNR for equivalent frames against ratio of  bit allocation for those same frames, a form of plot which is suggested in LBC-97-016 to be potentially interesting.


Discussion


This is not intended to be a partisan document and therefore only preliminary conclusions will be drawn from the data presented.  It should be remembered that the data presented refer only to a single sequence at a particular bitrate.  A much wider set of conditions should be investigated before final conclusions can be drawn.


Nevertheless, on the basis of the data presented the following observations can be made :


The performance of both algorithms, in PSNR terms, is greatly influenced by the content of the sequence being encoded.


In this sp
