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Introduction


This contribution proposes some additions to the set of common conditions for H.263L experiments.  A companion contribution (LBC-97-015, Common Conditions for H.263L Experiments) outlines the currently agreed upon set of H.263L common conditions.  As it stands, the current agreement provides only for fixed bit rates, frame rates, spatial resolutions, and sequences.  In addition, standardized up- and down-sampling filters are specified.  


At the November 1996 LBC meeting, contribution LBC-96-332 proposed a set of techniques which provides an additional means of comparing proposals.  This contribution builds upon that previous contribution and proposes techniques to be added to the set of common conditions.


Algorithmic Properties of Interest to LBC


As was discussed at length on the e-mail reflector prior to the November meeting and outlined in contribution LBC-96-332, the following properties are of interest when considering the usefulness of algorithm proposals:


PSNR presented on a per frame basis,


Bits used per coded frame,


The latency (or display delay) introduced when a constant error-free bit rate error-free link is assumed,


Frame dropping.


This contribution proposes additions to the set of common conditions that address these properties.


Comparison Techniques


There are fourthree separate groupings of the proposed comparison techniques: skipped frame padding, single algorithm, and difference plots, and scattergrams.  The first, skipped frame padding, is necessary to provide meaningful interpretations of the other two.


Skipped Frame Padding


Skipping frames (frame dropping) is a well-known technique for achieving compression while maintaining perceptual quality.  The problem skipped skipping frames introduces when trying to compare two algorithms is that each algorithm may have skipped different frames.  Some rate control schemes will dynamically drop frames in order to maintain a particular buffer constraint or bit rate constraint (e.g., the Sarnoff rate control scheme found in the MPEG-4 video VM).  This means that one cannot simply perform a one-to-one comparison between two algorithms.


Since different algorithms may drop different frames (or even a different number of frames), it is difficult to directly compare the results of per frame PSNR and delay between different algorithms.  In addition, plots that show only PSNR or delay for coded frames may give a false impression due to the failure to include data points for the skipped frames.


The solution to this problem is to “pad” the output with replicated frames so that for each input frame there is a corresponding output frame.  Thus if an algorithm coded every other frame of a sequence, the output used to generate PSNR and/or delay information would consist of a decoded frame followed by a copy of that decoded frame.  Likewise if the algorithm only coded every fourth frame, the output would need to have the decoded frame followed by three copies of the decoded frame.  This frame padding before data generation is analogous to the frame padding which is used to create videotape demonstrations or which may take place at the display for a product utilizing the proposed algorithm.


Single Algorithm


The following are presented as “single algorithm” plots, as they can be prepared from the data generatedsupplied by a single algorithm.  It is possible for each of these plots to overlay similar data from another algorithm in order to make comparisons easier.  An alternative to the overlay method is presented below in the section on Difference Plots.


PSNR Per Frame


As the name implies, this is a plot of the PSNR for each frame of the output versus the original.  What is different is that the output is the padded output (see skipped frame padding above).  Thus the curve represents not only the PSNR of the coded frames relative to the originals, but also includes the effects of frame dropping.  





Graphical examples of the type of charts proposed here can be found in Figures 1 and 2.  Figure 1 shows data for only one codec, while Figure 2 shows the data for two difference codecs on the same graph.
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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..


Bit Allocation


Bit allocation per frame does not lend itself to skipped frame padding, since the skipped frames are always allocated zero bits.  However, graphs which show the number of bits per frame as a continuous curve can be misinterpreted.  





Figures 3 and 4 provide examples of the type of charts which are proposed by this requirement.  Figure 5 contains data for both codecs plotted together without including data from the first frame.
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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.


Delay


Delay in this context is the delay in the presentation of a frame at the output of a decoder relative to the time the frame was captured at the input of the encoder, assuming a constant bit rate error-free channel between the encoder and the decoder.  The eEncoding and decoding processing time is not considered as part of the delay (i.e., it is assumed that encoding and decoding are instantaneous).  The rate at which frames are displayed at the output is assumed to be equal to the rate at which frames are presented to the input of the encoder.  Thus if at the input to the encoder frames arrive once every 1/30 of a second, the display must present 30 frames per second.  Padding is used to replicate frames at the decoder in order to generate the appropriate display frame rate.





For comparison purposes theThe bit rate of the assumed constant bit rate channel must be the total number of bits allocated to the sequence minus the bits used by the first frame divided by the durationlength of the sequence.  For example, consider a 10 second sequence is to be coded at a nominal 24 kbps and which has aand the first frame that uses 22000 bits.  The assumed constant bit rate channel for comparison purposes would then be (240000-22000)bits / 10 seconds,. oOr 21.8 kbps.  In this way the effect of a long first frame, which is atypical of most circumstances, is minimized, and the delivered results are more directly analogous to operation within a long sequence or communication session.  The actual number of bits allocated per frame, and to the first frame is a function of the encoder.  Proposers are strongly encouraged, as far as is practical, to submit compressed sequences for comparison with those from other proposals in which the channel bit rate computed as above is equal to one of the agreed bit rates established by the common conditions.





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.  





Delay is defined as: 





theThe  transmission time for the frame (e.g., using the constant bit rate channel defined aboveabout, a frame requiring 2180 bits to code would have a transmission time of (21.8 kbps/2180 bits) = 100 milliseconds).  





For comparison purposes, to avoid delay effects of a long first frame, the delay computation must commence with the second encoded frame, i.e., that encoded immediately following the first frame.  The delay of the second encoded frame must be taken as the number of bits allocated to that frame divided by the channel bit rate computed as above.  For each subsequent encoded frame, the delay must be computed from the incremental channel delay due to the number of bits allocated to the frame minus the interval between presentation of that frame at the encoder and presentation at the encoder of the previous encoded frame�.





Padded frames incurincure an additional delay equal to the input� frame arrival rate times the number of frames skipped up to the time of insertion of that padded frame.  For example, if the encoder codes a frame and then skips two frames, the delay of the first padded frame is the delay of the coded frame plus one input frame arrival time.  The delay of the second padded frame is the delay of the coded frame plus two input frame arrival times.  





Figures 5, 6, and 7 show the delay generated by two difference algorithms.
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Difference Plots


This category of techniques involves plotting the difference (per frame) between two algorithms.  This may be between the proposal and the Test Model or between two competing proposals.


Difference - PSNR


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 8 is an example of a chart produced by taking the difference in the PSNR between two different codecs.
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Difference - Bits per Frame


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.  





Figure 10 shows the results of taking the difference between the bits used per frame by two codecs.








� EMBED Excel.Chart.5 ���Figure � SEQ Figure \* ARABIC �10�





Difference - Delay


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.
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Scattergrams


This category of technique involves plotting one property other than frame number against another.  It may involve data from a single algorithm or from paired algorithms undergoing comparison.


Single Algorithm


It is widely accepted that a key indication of the value of a compression algorithm is the achievement of high quality (e.g., as indicated by PSNR) for low allocated bit budget.  Separate plots of PSNR and of bit allocation against frame number are not easy to interpret for such a relationship.  However a direct plot of PSNR against bit allocation for the corresponding frame can make clear the relationship and the degree of variability in it arising from the content of the encoded sequence.  The inclusion on the same plot of data for the same sequence and conditions encoded by two separate algorithms can help to make clear any systematic differences between the algorithm’s outputs.





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.





Though delay is closely related to bit allocation per frame this is not a precise relationship.  It may well be instructive in individual cases to know how bit allocation is related to delay for particular sequences, or how PSNR is related to delay.  Though not mandatory, proposers are encouraged to supply such plots for consideration alongside other supplied information.


Paired Algorithm


Paired algorithm scattergrams simply plot data values generated by two algorithms for equivalent frames against one another (e.g., PSNR v. PSNR, delay v. delay, etc.).  With ingenuity other meaningful relationships can be explored (e.g., difference in PSNR versus ratio of bits allocated can be instructive.).





The group may wish to consider which particular relationships to make mandatory and which to make optional.  In the meantime proposers are strongly encouraged to provide plots which emphasize ora make explicit any systematic differences in performance between the algorithms under consideration.


Conclusions


The incorporation of these comparison techniques into the set of common conditions for H.263L will improve the ability of the group to analyze proposed algorithms.  These new techniques should be considered as additions to the existing technique of directly viewing the decoded sequences.  








� By definition the channel delay for any particular encoded frame cannot be less than the bit allocation for the frame divided by the channel bit rate, though it may be greater than this value due to accumulated delays from earlier frames or by use of look-ahea
