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1. Summary
In this contribution a proposal for the degree of certainty required for floating point conformance for the EVS Floating Point Standard is provided. Consideration regarding the suitability and reliability of Rec ITU-T P.863 (POLQA) [1] for the purposes of guaranteeing EVS floating point conformance is given and discussed. 

It is concluded that POLQA does not provide sufficient reliability to guarantee performance of codec implementations subject to arbitrary deficiencies and errors.
2. Introduction
At the Albuquerque meeting of SA4, new text was added to TR 26.843 [2] describing the application of Rec ITU-T P.863 (POLQA) [1] to the assessment of different versions of the EVS Floating Point code as a perceptually Based method (Subclause 5.3) with Results being presented in Subclauses 6.1 – 6.3. 

Some observations were provided in Subclause 6.4 from [3] which showed that P.863 (POLQA) has deficiencies. 
3. Requirements for a Conformance Test for the EVS Floating Point Standard

The role of conformance testing for the floating-point code implementation of EVS, and indeed any codec, is to determine with a high level of confidence that an implementation is capable of interoperating with other conformant implementations of EVS and of providing consistent quality. It is necessary to have confidence that any method developed is capable of identifying both the anticipated faults experienced during the development phase but also those faults that have not been experienced or anticipated.
At the heart of any conformance checking procedure is a “detector” or a “measure” which must be capable of determining whether two implementations, a reference and an implementation under test, are the same or different.
As part of the conformance testing approaches being considered in FS_FCNBE [2], there are several distortion “measures” which can reliably detect any difference between two audio signals. These are SNR, Weighted-SNR, RMS-error and Spectral Distortion. These distortion measures are equally applicable to any input signal type and are capable of detecting any differences between a coded reference signal (usually the fixed point decoded signal) and a signal under test (the floating point code under test).
Recommendation ITU-T P.863 (POLQA) [1] has also been proposed. In the following section we consider the suitability of Rec ITU-T P.863 (POLQA) for the conformance checking task.
4. Rec ITU-T P.863 (POLQA) [1]
The POLQA algorithm, which is standardized as Rec ITU-T P.863, has been developed as an objective method to predict the scores of subjective ACR MOS tests for speech signals. The listening quality scores produced by POLQA, and similar objective algorithms, are denoted as MOS-LQO whereas those derived from human subjective assessment are denoted MOS-LQS. 
Contrary to popular belief, ACR MOS-LQS scores are not precise single values but have an associated variance determined from the spread of individual votes cast by the subjects taking part in the ACR MOS test. The POLQA algorithm has been trained on many of the mean subjective test scores in order to derive its MOS-LQO scores but these are assumed to be point-values. From [1] it is claimed and can be seen that the MOS-LQO scores from Rec ITU-T P.863 provide good correlation but not perfect prediction of MOS-LQS scores from real tests. 

Appendix I of [1] provides information about the prediction accuracy of POLQA for NB, WB and SWB when compared to actual scores from ACR tests after appropriate mapping of the results. The figures I.2 – I.7 are reproduced here for convenience and annotated.
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Examining the annotated figures 1.2, I.4 & I.5, it can be seen that, for a given MOS-LQO score from the POLQA algorithm after appropriate mapping and averaged over all appropriate samples in the test, the actual MOS-LQS score range in the very best cases would be in the region of between 0.5 MOS-LQS to 0.8 MOS-LQS. Examining figures 1.3, 1.5 & 1.7 from Appendix I, it can be seen that in the worst case these errors increase to 1.6 MOS-LQS. 
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Seatter plots of the best and worst case super-wideband experiment
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POLQA has therefore been observed to report a near-zero mean difference between samples when a subjective test by human listeners on the same material yields a difference of up to 1.6 MOS.

Putting this into context, a 1.6 MOS difference might be a reduction from “Good” (4.0) to 2.4 i.e. somewhere between “Poor” (2) ~60% listeners & “Fair” (3) ~40% listeners.
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This potentially large range of MOS-LQS scores, for a constant MOS-LQO score, demonstrates that POLQA cannot be relied upon to detect different signal qualities and therefore different implementations of EVS. This conclusion clearly relates to delta-POLQA too, since the average delta-POLQA score will also be almost zero in these cases. Even an increase in POLQA score, or a decrease in delta-POLQA, cannot be guaranteed to be as result of a higher MOS-LQS unless it exceeds the maximum observed difference i.e. 1.6 MOS-LQO.
The principle problem with POLQA is that the reference signal for computing POLQA is not coded with EVS but is the uncoded signal. The POLQA algorithm is therefore judging the quality afresh for each set of samples. This is entirely different from the SNR, Weighted-SNR, RMS-error and Spectral Distortion described above which use the coded signal as a reference.

It may be argued that different EVS implementations involve very similar technologies and therefore the POLQA scores may be expected to have a tighter correlation than in the worst-cases seen above. However, compiler optimization errors have been demonstrated to have very unpredictable consequences, especially when denormal floating point numbers are handled differently by various optimizations. Optimization errors may affect the classification of the signal by the encoder which would involve invoking different coding modes of EVS. It is therefore in the view of the source almost impossible to prejudge what the errors will be. It is therefore impossible to predict whether an objective MOS prediction method such as POLQA will reflect the quality deficiencies in a faulty algorithm implementation in the same way as the conformant algorithm.
It seems reasonable to assume that the training process of P.863 resulted in a set of weights for the various internal time/frequency domain distance parameters, that are described in the standard, but the key point is that we do not know what the relative importance of them is, and how these measures and weights will relate to the various parts of the EVS algorithm or the floating-point code. This potentially seems to be a major problem. It's an extreme case but quite possible that certain parts of the signal are completely ignored in POLQA. For example, the Qualcomm input at the last SA4 meeting (S4-171143) [3] suggested that this indeed is the case!

What about music testing? EVS was designed to work well with music signals. POLQA has not been trained or validated for use with music signals and so how will it behave? Ignoring the fact that P.863 has not been validated for use with EVS, it hasn’t been validated for Music either - see Table 9 of [4]
Lastly, from a procedural point of view it is worth noting that POLQA is in essence a proprietary tool which has the status of a standard. It is not possible to use POLQA or validate it without buying and licensing it. 

5. Proposal

It is therefore strongly suggested that both POLQA and delta-POLQA are unsuitable for achieving the high level of confidence required for conformance of floating point implementations since the same POLQA scores can be obtained from very widely differing perceptual qualities. 

It is also proposed that the text from Clause 4 (except the last 3 paragraphs) above be included into TR 26.843 as a subclause 5.3.3.4 Concerns over the Suitability of Perceptually Based Methods.

Perceptual significance is not the most important consideration when checking algorithmic implementations for conformance. Instead it is proposed to concentrate on the use of objective methods that are more “open” and can be related directly to waveform and spectral errors within implementations.
Figure 1: Potential Alternative to POLQA and delta-POLQA for the EVS Encoder Conformance
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One avenue that may be worth further consideration as part of the FS_FCNBE study item would be to compute the Spectral Distortion with reference to both the original signal and the coded reference signals in each frame using the algorithm described TR 26.843 clauses 5.2.  Figure 1 depicts 3 possible distortion measures available which may be applicable to other distortion measures. Currently for the decoder conformance, only DREF-TST is computed for the SNR, Weighted-SNR, RMS-error and Spectral Distortion. POLQA and delta-POLQA only use weighted variations based upon DORIG-REF and DORIG-TST. By observing all of the distortion values in Figure 1 it may be possible to achieve better reliability. This would permit the distortions of each frame DREF-TST to be compared alongside the distortions DORIG-REF and DORIG-TST to establish whether the distortions, DREF-TST are significant and whether they result in increasing or decreasing distortions from the original signal band - where clearly the significance of these two possibilities needs to be considered differently.
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