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1 Introduction

The aim of the ETSI work item DTS/STQ-232 is the development of a new predictor for speech quality in the presence of background noise with focus on SWB/FB recordings. Similar to other related work, auditory listening test databases are fundamental for the training (and of course later, the validation) of such a model. In a previous contribution [1], three experiments according to the guide lines described in [2] with several SWB and FB conditions were presented. This contribution provides some first prediction results of this data. Furthermore, several performance metrics for this evaluation are introduced as recently discussed in 3GPP SA4.

2 Preliminary Prediction Results

The contribution [1] presented three listening test databases (DB01, DB02, DB03) with German FB speech material. For DB01 and DB02, sources from ITU-T P.501 (8 speech samples, 4 talkers) were used for recording and processing. For DB03, a FB speech sequences were recorded in advance (16 speech samples, 8 talkers).

For the training of the new predictor, DB01 (480 samples) and DB03 (960 samples) were used. This ensures the maximum number of different speech samples (8 + 16 =24). DB02 was used for validation and included 480 samples. In this contribution the prediction results of the model for S-MOS and N-MOS are shown. It should be noted that these results are preliminary; the model development is not yet finalized. 

Figure 1 and Figure 2 depict the results of the training databases, Figure 3 and Figure 4 the results of the validation database.
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	Figure 1: Prediction of training results for N-MOS after 3rd order mapping
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	Figure 2: Prediction of training results for S-MOS after 3rd order mapping
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	Figure 3: Validation results for N-MOS after 3rd order mapping
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	Figure 4: Validation results for S-MOS after 3rd order mapping


3 Performance Metrics

As recently discussed in 3GPP SA4 working group, an instrumental speech and noise quality measure must fulfil several performance metrics. In this section, several metrics are presented and given for the current evaluation of the results presented before.

3.1 Calculation of Standard Deviation and 95% Confidence Interval

For some of the following metrics, the calculation of the confidence interval is necessary. The commonly used confidence level is 95%. According to [3], the CI95 value is dependent on the standard deviation σ, number of votes per sample or condition M and the accurate t-value:
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The per-sample standard deviation σS of the l-th sample in the j-th condition is specified as:
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K denotes the number of votes per sample and k is defined as the index of the k-th auditory vote of a sample. The aggregated per-condition standard deviation σC of the j-th condition is defined according to [3] as:
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L denotes the number of samples in each and l is defined as the index of the l-th sample. N is the number of votes per condition:
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Finally, the per-condition CI95 for the j-th condition can be calculated as:
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3.2 Absolute Prediction Error

The prediction error according to [3] for each condition [image: image13.png]


 in a database is defined as:
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This intermediate metric is used for the following calculations.

3.3 Epsilon-insensitive Prediction Error

Based on section 7.7 of [3], another intermediate measure is defined which considers the auditory uncertainty of the listening test data, i.e. the 95% confidence interval. The modified prediction for each condition [image: image16.png]


 taking into account the prediction error can be defined as:
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This operation can be used to correct the auditory scores towards the instrumental ones:
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Note that the sign of [image: image20.png]drro (i)



 is of importance here. With modified [image: image22.png]MOS;,s



 scores, several other metrics can be provided as an epsilon-insensitive variant.

3.4 Root-Mean-Square Error (RMSE)

The RMSE is calculated according to formula 7-2 in section 7.5.1 of [3]:
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The epsilon insensitive variant of this metrics is given by:
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3.5 Absolute Maximum Error

The absolute maximum error is defined as:
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Again, an epsilon-insensitive variant of this metric can be specified as:
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3.6 Correlation Coefficients

Several correlation coefficients exist to describe the relation between two series. The following three coefficients are considered generally as applicable and useful in the context of speech quality prediction:

Pearson correlation coefficient:

https://en.wikipedia.org/wiki/Pearson_product-moment_correlation_coefficient
Spearman rank order correlation coefficient:

https://en.wikipedia.org/wiki/Spearman's_rank_correlation_coefficient
Kendall’s Tau:
https://en.wikipedia.org/wiki/Kendall_rank_correlation_coefficient
Each coefficient can be calculated with either [image: image28.png]MOS, 45 (1)



 or [image: image30.png]MOS;,s



 as an input for the auditory data. A free open source reference implementation for the calculation of these metrics can be found at [4].
3.7 Performance Metrics of Preliminary Evaluation

For discussion of the relevant performance metrics to be chosen in the context of the model development all performance metrics described above are provided based on the evaluation of the preliminary model status. Each metric is calculated on the unmapped and uncorrected data (raw), only with 3rd order mapping (mapped), only with CI95 correction (dstar) and combined 3rd order mapping plus CI 95 correction (mapped+dstar). Table 1 and Table 2 illustrate the performance metrics for N- and S-MOS.

	
	
	raw
	mapped
	dstar
	mapped+
dstar

	Title
	Metric
	
	
	
	

	LOT_SWB_FB_2015_DB01
Training
	corr
	0.99
	0.99
	1.00
	1.00

	
	kendall
	0.89
	0.89
	0.96
	0.97

	
	maxabs
	0.32
	0.31
	0.20
	0.18

	
	rmse
	0.15
	0.13
	0.07
	0.05

	
	spear
	0.98
	0.98
	1.00
	1.00

	LOT_SWB_FB_2015_DB03
Training
	corr
	0.98
	0.98
	0.99
	0.99

	
	kendall
	0.86
	0.86
	0.91
	0.91

	
	maxabs
	0.50
	0.44
	0.38
	0.36

	
	rmse
	0.20
	0.19
	0.14
	0.13

	
	spear
	0.97
	0.97
	0.98
	0.98

	LOT_SWB_FB_2015_DB02
Validation
	corr
	0.97
	0.97
	0.99
	0.99

	
	kendall
	0.81
	0.81
	0.89
	0.88

	
	maxabs
	0.63
	0.56
	0.47
	0.40

	
	rmse
	0.25
	0.24
	0.16
	0.15

	
	spear
	0.95
	0.95
	0.97
	0.97


Table 1: Performance metrics for N-MOS prediction

	
	
	raw
	mapped
	dstar
	mapped+
dstar

	Title
	Metric
	
	
	
	

	LOT_SWB_FB_2015_DB01
Training
	corr
	0.95
	0.96
	0.98
	0.99

	
	kendall
	0.78
	0.78
	0.87
	0.89

	
	maxabs
	0.71
	0.54
	0.54
	0.35

	
	rmse
	0.30
	0.23
	0.18
	0.12

	
	spear
	0.93
	0.93
	0.97
	0.97

	LOT_SWB_FB_2015_DB03
Training
	corr
	0.90
	0.91
	0.93
	0.95

	
	kendall
	0.74
	0.74
	0.79
	0.80

	
	maxabs
	1.08
	0.89
	1.00
	0.81

	
	rmse
	0.41
	0.36
	0.32
	0.27

	
	spear
	0.90
	0.90
	0.93
	0.94

	LOT_SWB_FB_2015_DB02
Validation
	corr
	0.92
	0.96
	0.95
	0.99

	
	kendall
	0.76
	0.77
	0.80
	0.89

	
	maxabs
	0.71
	0.54
	0.62
	0.37

	
	rmse
	0.39
	0.22
	0.28
	0.12

	
	spear
	0.92
	0.92
	0.94
	0.97


Table 2: Performance metrics for S-MOS prediction

4 Conclusions & Discussion

This contribution presented preliminary prediction results of several auditory experiments. Based on this evaluation, several performance metrics were introduced and provided for this first prediction model design. Based on these example metrics, reasonable requirements for the prediction performance can be discussed.
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