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Introduction
The objective method described in ETSI EG 202 396-3 [1] predicts speech, noise and overall quality of noisy speech according to ITU-T recommendation P.835 [2]. It was originally designed for wideband applications. The narrowband extension was added later in 2008 and was mainly based on the same principles as for the wideband mode.
The base for the wideband method still is a subjective database which was created within the ETSI STF 294 project [4], a joint contribution of several parties. Although the intention of the project was to create an objective prediction model for terminals, at the time of its composition, no wideband capable terminals were available. Thus the complete noisy speech material had to be processed offline, including very basic noise reduction algorithms.
In addition, packet loss and packet loss concealment algorithms were included in the processed signals. At this time, the idea was to cover more than only the noise reduction effects of a terminal, but in todays practice, such conditions are not always of interest, the main focus is often on the quality of the noise cancellation.. 
The speech material which was used for the creation of the wideband listening test database was in French. In addition, the used sentences were not public and were only available for the ETSI STF 294 project. Nevertheless, in practice the method shows similar results also with different speech material (ITU-T P.501 French and/or English). But for a best-case prediction and international use, a validated application of English and freely available speech material is preferable.
These points described above motivated HEAD acoustics to carry out new wideband listening tests which fulfill today’s demands on a speech quality prediction method. In this paper, some first results of the subjective testing are presented. The subjective data is then compared to the estimated scores calculated by the method described in ETSI EG 202 396-3.
Description of new listening test setup
Use of improved Reference Conditions
For anchoring the test subjects, reference conditions were created using a method similar to the method described in [6]. The background noise for these conditions (for the mixture as well as for the processing) was chosen to “Full-size Car 130 km/h”. Due to some missing details in [6], a similar noise reduction method was used. It was configured in a way that 4 equidistant steps of noise reduction artifacts were created. A pre-ranking was done by several expert sessions, which was validated by the naïve listeners in the main experiment. The subjective results for S-, N-, and G-MOS of the 12 reference conditions are shown in Figure 1; the corresponding explanation for each condition is listed in Table 1.
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[bookmark: _Ref300922501][bookmark: _Ref300922494]Figure 1: Subjective Results of Reference Conditions
	Condition 
	Speech degradation
	SNR Mix

	R01
	Source
	No Noise

	R02
	NS Level 4
	No Noise

	R03
	NS Level 3
	No Noise

	R04
	NS Level 2
	No Noise

	R05
	NS Level 1
	No Noise

	R06
	Source
	36dB SNR

	R07
	Source
	24dB SNR

	R08
	Source
	12dB SNR

	R09
	Source
	0dB SNR

	R10
	NS Level 3
	24dB SNR

	R11
	NS Level 2
	12dB SNR

	R12
	NS Level 1
	0dB SNR


[bookmark: _Ref300924058][bookmark: _Ref300924053]Table 1: Composition of new Reference Conditions
The objective scores according to ETSI EG 202 396-3 were also calculated for the reference conditions. The scatter plots for objective versus subjective scores are shown in Figure 2, Figure 3, and Figure 4 together with a 3rd order mapping function. The outlier within the S-MOS scatter plot (Figure 2) refer to the conditions R09 (underestimated) and R10 (overestimated), which both represent conditions which are out of the SNR range according to ETSI EG 202 396-1.
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	[bookmark: _Ref301186774][bookmark: _Ref301186763]Figure 2: Scatterplot for objective vs. subjective S-MOS for reference conditions
	[bookmark: _Ref301186777]Figure 3: Scatterplot for objective vs. subjective N-MOS for reference conditions
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	[bookmark: _Ref301187055]Figure 4: Scatterplot for objective vs. subjective G-MOS for reference conditions


Recordings
Some modifications in the subjective testing were made in comparison with the original experiment. The most important change was to use recordings of real terminals instead of offline simulations. The results presented in this paper include the following devices and background noises :
· 8 recordings with VOIP terminals (G.722) in hands-free mode; Used BGNs: Mensa, Pub and Office noise
· 6 recordings with VOIP terminals (G.722) in handset mode; Used BGNs: Mensa, Road and Car noise
· 37 recordings with 3G mobiles (AMR WB 12.65 kbit/s) in handset mode; Used BGNs: Mensa, Car, Train and Road noise
· 8 recordings with 3G mobiles (AMR WB 12.65 kbit/s) in hands-free mode; Used BGNs: Mensa, Car and Train station noise
For the 3G mobile recordings, 16 different modern state of the art devices which are currently available on the market were used. There is no explicit information if the terminals are using a two-channel microphone noise reduction system. For several devices, a second microphone could be identified on the case, for others it could hardly be identified (placed in or under the case). It could also not always be verified if a second microphone was really active and in force when performing a call. Nevertheless, it is expected that most of these devices are capable of this technology.
All mobiles used for hands-free / handheld measurements were also included in the measurements for handset mode, but can of course be used as an independent condition for the listening test. For all devices with two-channel noise reduction algorithms it could not be verified if both microphones are also used for the hands-free / handheld mode.
All recordings were collected with the background noise simulation system described in ETSI EG 202 396-1. The background noise level for these conditions were kept unchanged, the playback was carried out with original and realistic levels. The unprocessed reference according to ETSI EG 202 396-3 was measured simultaneously close to the (primary) microphone of the device under test.
The output speech level of the artificial mouth was set to -4.7 dB Pa + 3dB Offset = -1.7 dB Pa for handset mode. For hands-free mode, the level was set to -4.7 dB Pa + 6dB Offset = +1.3 dB Pa.
In overall, 59 conditions were recorded with this procedure.
The English speech material used for this experiment was taken from ITU-T recommendation P.501, which was already used for the narrowband extension of EG 202 396-3.
Details of listening test procedure
The presentation of the samples (double sentences) in the listening test was carried out diotic. As already presented in the narrowband extension of ETSI EG 202 396-3, the active speech level calibration of the samples was not done with ITU-T recommendation P.56, because the method fails on lower SNRs. Instead of this, each processed signal was first time aligned with its corresponding clean speech signal. After this step, a speech part detection could easily be applied for the noisy signals (according to ITU-T recommendation G.160 [5], for example). The average level of all speech parts within a condition was then calibrated to -21 dB Pa which refers to a comfortable listening level.
The test was carried out with 32 listeners per condition.
Preliminary results
[bookmark: mark_rmse][bookmark: mark_corrcoeff]The results presented in this article are still under evaluation and further results will be presented in the future. The subjective data for S-MOS, N-MOS and G-MOS is compared to the objective results calculated with the wideband mode of ETSI EG 202 396-3. As difference metrics root mean square error e (RMSE) and correlation coefficient r are presented. In addition, scatter plots are given for each comparison. For anchoring the S-MOS mapping function a point MOS1.0/1.0 was added.
[bookmark: mark_rmse_mapped][bookmark: mark_corrcoeff_mapped]For a valid and serious evaluation of the data, an appropriate mapping function is applied to transform the objective data. With the transformed values, again RMSE emap and correlation coefficient rmap are calculated and is presented together the updated scatter plots. The order of the mapping function is determined according to ETSI EG 202 396-3 Annex I, chapter 7.1 (only monotonically increasing mapping functions in the range 1.0 to 5.0 MOS are valid).
[bookmark: mark_rmse_polqa][bookmark: mark_corrcoeff_polqa][bookmark: mark_rmse_mapped_polqa][bookmark: mark_corrcoeff_mapped_polqa]To take the variance of the subjective data into account, in the competition phase of P.OLQA, another method to calculate the metrics RMSE and correlation coefficient was described [7]. Before and after applying the mapping function, these metrics e* and r* respectively emap* and rmap* are calculated. These metrics use the 95% confidence interval of the subjective data as a threshold, a further description was published in Appendix I, chapter 4 of [7].
Results for S-MOS
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	Figure 5: Scatterplot for unmapped S-MOS data
	Figure 6: Scatterplot for mapped S-MOS data



	
	Unmapped data
	Mapped data (3rd order)

	r
	0.85
	0.86

	e
	0.43
	0.40

	r*
	0.96
	0.97

	e*
	0.12
	0.10


Table 2: Difference metrics for S-MOS
Results for N-MOS
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	Figure 7: Scatterplot for unmapped N-MOS data
	Figure 8: Scatterplot for mapped N-MOS data



	
	Unmapped data
	Mapped data (2nd order)

	r
	0.91
	0.91

	e
	0.38
	0.38

	r*
	0.97
	0.97

	e*
	0.13
	0.12


Table 3: Difference metrics for N-MOS

Results for G-MOS
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	Figure 9: Scatterplot for unmapped G-MOS data
	Figure 7: Scatterplot for mapped G-MOS data



	
	Unmapped data
	Mapped data (2nd order)

	r
	0.89
	0.89

	e
	0.37
	0.36

	r*
	0.97
	0.97

	e*
	0.12
	0.12


Table 4: Difference metrics for G-MOS

Results for G-MOS calculated with mapped S- and N-MOS

As described in ETSI EG 202 396-3, the G-MOS is a weighted composition of S- and N-MOS. For the calculation of G-MOS, the unmapped S- and N-MOS values are used. To avoid prediction errors which result only from the unmapped S- and N-MOS values, also the G-MOS is calculated again with the mapped scores. The coefficients for the regression remain the same as for the wideband mode of ETSI EG 202 396-3.
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	Figure 10: Scatterplot for unmapped, modified G-MOS data; G-MOS recalculated with mapped S- and N-MOS
	Figure 11: Scatterplot for mapped, modified G-MOS data; G-MOS recalculated with mapped S- and N-MOS



	
	Unmapped data
	Mapped data (2nd order)

	r
	0.90
	0.90

	e
	0.36
	0.35

	r*
	0.97
	0.97

	e*
	0.12
	0.11


Table 5: Difference metrics for modified G-MOS
Conclusion
A new validation database was created which takes into account the state of the art noise cancelling techniques and terminals including 2-mircophone solutions. First results of conditions inside the scope of EG 202 396-3 are presented.
Even though the original wideband database used for the training of the method described in ETSI EG 202 396-3 is not directly comparable to the one created for this experiment, the results are encouraging. Scatter plots and RMSE show a quite acceptable performance although the correlation coefficients for S-MOS and G-MOS seem to be lower than the N-MOS correlation due to non-ideal distribution of the scores within the MOS scale.
For N-MOS, the prediction accuracy is quite high - with and without mapping. Correlation, RMSE and scatter plots yield very similar results as described in the original work of ETSI EG 202 396-3 and an almost perfect prediction accuracy.
The new reference conditions used for this experiment showed also similar subjective results as presented in [6]. Using those reference conditions which are inside the scope of EG 202 396-3 but even exceeding the scope of EG 202 396-3 and excluding the extreme conditions of SNR 24dB and SNR 0dB the correlation is almost perfect for S-MOS, N-MOS and G-MOS. This new approach should be used for coming subjective testing according to ITU-T recommendation P.835 whenever noise suppression or cancellation systems are tested.
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