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1. Introduction
DESUDAPS-1 [1] provides a framework for testing to create subjective databases for the training and validation of super-wideband and fullband P.835 predictors.  Appendix 6 of [1] gives details on processing to generate the reference conditions for the SWB and FB P.835 tests.  This contribution reports on some observations made using that processing, and proposes a modification
2. Method and Observations
Processing was conducted as described in Appendix 6, using Python and MATLAB scripts kindly provided by HEAD acoustics.  The source used these scripts in order to avoid a minor issue with noise level as noted in discussion of contributions [2].  The speech source material used was the fullband American English speech signal provided by Dynastat to the Ext_ATS activity, containing 32 sentences, comprised of eight sentences from each of two male and two female talkers.  Note that only 20 sentences of this material are used in the NB/WB P.835 predictor ETSI TS 103 106 [3].  

As described in Appendix 6, after application of the levels of speech distortion, named NSLevel, the processed speech signals are normalized to a fixed Active Speech Level using P.56 [4].  Figure 1 shows a plot of the active speech level by sentence.
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Figure 1 Active speech level by sentence
For “NSLevel0”, or no distortion, all sentences are at the target normalization level of -38 dBov (note: this target level is a slight change from the original Python scripts).  As the distortion level increases from NSLevel4 to NSLevel 1, the active speech level of some sentences diverges from the target level.  Note that it appears to be the case that, after normalization, sentences from the female talkers tend to have higher ASL while sentences from the male talkers tend to have lower ASL, but this is not strictly true (see S1 for F2 and S6 for M2).  Figure 2 shows the distribution of ASL by gender.
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Figure 2 Active Speech Level by Gender
It can be seen in Figure 2 that there is dispersion above and below the target level for sentences from both genders, and the mean (center line of green diamond) for female is above the target level, while the mean for Male is below the target level.
The current processing for NSLevel computes the temporal-spectral gain pattern determined by a Weiner filter-like process applied to a mixture of the source speech and a specific noise, according to the block diagram shown in Figure 3.
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Figure 3 Block diagram for NSLevel processing
In DESUDAPS-1 [1], the specific noise was selected to be the FullsizeCar_130kmh from ETSI ES 202 396-1 [5].  Figure 4 compares the 1/3rd octave power spectrum of the car signal to the 1/3rd octave power spectrum of the speech signal, with the A-weighted rms of the noise set equal to the ASL of the speech, or at 0 dB SNR.   (Note that the SNR of 0 dB is 3 dB worse than the SNRs used in the DESUDAPS-1 scripts, where the values of 3, 6, 9 and 12 dB are used for NSLevel4, NSLevel3, NSLevel2, and NSLevel1, respectively.  The value of SNR 0 dB was chosen for illustration.)
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Figure 4 1/3rd-octave power spectra of car (green) and speech (red), at 0 dB SNR

Note that the power spectrum of the car noise results in much better SNR per band above 1 kHz, with a larger increase above 2 kHz.  This may become increasingly important in the transition from NB or WB to SWB and FB.  

Figure 5 shows the 1/3rd-octave power spectra of the distorted speech, computed across all 32 sentences, for a range of increasing levels, by varying the parameters used in the Weiner mask.
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Figure 5 1/3rd-octave power spectra of distorted speech, using car noise in mixture, for increasing range of suppression levels

It can be seen that the loss is mainly in the range below 1kHz.  Depending on the specific power spectrum of a given sample, this may lead to higher or lower amounts of loss, proportionately to the distribution of the speech energy relative to the car noise.
Figure 6 shows 1/3rd-octave power spectra for speech (black), pub from [5] (red) and Gaussian noise with spectrum matched to the speech (green).  The SNR for the noises is 0 dB, as computed in [1].
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Figure 6 1/3rd-octave power spectra of speech (black), pub (red) and speech-shaped noise (green)
Figure 7 shows the 1/3rd-octave power spectra of the distorted speech, computed across all 32 sentences, for a range of increasing levels, by varying the parameters used in the Weiner mask as in Figure 5, but using speech-shaped noise of Figure 6.
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Figure 7 1/3rd-octave power spectra of distorted speech, with speech-shaped noise in mixture, for increasing range of suppression levels

In Figure 7 for speech-shaped noise, unlike in Figure 5 for car noise, the losses are more uniformly distributed over frequency.

3. Implications for DESUDAPS, and Proposal
The range of ± 4 dB in per-sample level see in Figure 2 for this speech source material after NSLevel processing is rather large.  It may lead to a confounding effect of level or loudness on the speech quality in subjective P.835 tests, by increasing the variation in the listeners’ judgments of the speech quality of the associated reference conditions.

While the car noise was used in the Ext_ATS activity for NB and WB P.835, its use as the noise component in a SWB or FB mixture may not be optimal, due to the predominance of low frequency energy and therefore predominance of distortion at lower frequencies, as well.  A noise with power spectra more closely matched to speech may be better, distributing the distortions more fully across frequency, which may be important as the bandwidth of the test increases from NB & WB of Ext_ATS, to SWB and FB of DESUDAPS.
In light of the above observations, the source makes the following proposals:

A. Modify the reference processing script in DESUDAPS-1 to check for variation of NSLevel speech at the sample level.  If the variation exceeds ± 1dB, then apply per-sample normalization.

B. Modify the reference processing script in DESUDSAPS-1 to use speech-shaped noise in the mixture, to more uniformly distribute distortions across frequencies.  The parameter settings may require some adjustment to obtain the desired range and increments in subjective SIG degradation.
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