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Introduction

In [1] a common framework for conducting subjective tests for validation of P.835 objective predictors is described. Two P.835 experiments were conducted by the source according to this framework. These experiments are used to validate the performance of a re-trained version of the ETSI EG 202.396-3 model and are reported in this contribution.
In addition to the P.835 experiments, the source generated 3-ch *.wav files for each of the samples used in the experiments. The material was used for processing with the re-trained objective predictor and contains the following signals:

Channel 1: DUT noise suppressed speech signal (processed)

Channel 2: speech signal at the DUT primary microphone (unprocessed)

Channel 3: source speech signal (clean)

The samples were shared with the company conducting the retraining of the objective predictor model (HEAD Acoustics GmbH) for calculation of the predicted scores. HEAD Acoustics GmbH was kept blinded from the subjective experiment results. 
This contribution reports both the subjective and objective predictor results.
Summary of databases
In addition to the narrowband experiments reported in [3] and the wideband experiments reported in [4 and 5], the Source conducted two narrowband experiments following the EATS-3 subjective test plan. The test set-up, background noise reproduction calibration and levels, noise types and convergence sequencing are according to the EATS-3 subjective test plan [1], except where noted. The reference conditions are according to [1] Table 1.

In the first validation experiment (Exp 6), 2 devices were tested with 7 noise types and a clean condition (no noise added). The devices were tested in the following modes:

· Handset with AMR 12.2kbps

· Handset with AMR 5.9kbps

· Handheld Hands-free with AMR 5.9kbps

, resulting in a total of 48 test conditions. The inclusion of AMR 5.9kbps was used in order to increase the range of degradations for the validation tests. Commercial devices in a call with a CMU200 network simulator were used.

In the second validation experiment (Exp 7), 1 device was tested with 7 noise types and a clean condition (no noise added). The device was tested in the following modes:

· Handset with AMR 12.2kbps

· Handset with AMR 5.9kbps

· Handheld Hands-free with AMR 5.9kbps 

· Handset with AMR 12.2kbps (Noise levels increased by 6dB)

· Handset with AMR 5.9kbps (Noise levels  increased by 6dB)

· Handheld Hands-free with AMR 5.9kbps (Noise levels increased by 6dB)

, resulting in a total of 48 test conditions. A commercial device in a call with the CMU200 network simulator was used.

The same reference set (exact same signals) was used in the narrowband experiments reported in previous contributions in order to keep consistency and facilitate any necessary mapping or normalization of the data.

Tables 1 and 2 detail the conditions for both experiments.

Table 1 - Summary of experimental conditions for EXP 6 (NB)

	Experiment 
	6

3

	Number of devices:
	2 (HS AMR 12.2; HS AMR 5.9; HHHF AMR 5.9)

	Number of noise conditions per device:
	8 noise conditions

	Number of reference conditions:
	12

	Number of test conditions:
	48

	Number of talkers:
	4

	Number of samples per talker:
	4

	Number of votes per condition:
	128

	Method of presentation:
	Diotic

	Presentation level (for -26dBov)
	73dBSPL

	Headphones
	HD280 PRO

	Reference set
	According to Table 1 and batch processing script in section 8.3 of [1].

	Noise conditions
	Pub_Noise_binaural_V2

	
	Outside_Traffic_Road_binaural

	
	Outside_Traffic_Crossroads_binaural

	
	Clean (no noise)

	
	Fullsize_Car1_130Kmh_binaural

	
	Cafeteria_Noise_binaural

	
	Mensa_binaural

	
	Work_Noise_Office_Callcenter_binaural


Table 2 - Summary of experimental conditions for EXP 7 (NB)

	Experiment 
	7

3

	Number of devices:
	1 (HS AMR12.2; HS AMR5.9, HHHF AMR12.2, HHHF AMR5.9)

	Number of noise conditions per device:
	16 noise conditions

	Number of reference conditions:
	12

	Number of test conditions:
	48

	Number of talkers:
	4

	Number of samples per talker:
	4

	Number of votes per condition:
	128

	Method of presentation:
	Diotic

	Presentation level (for -26dBov)
	73dBSPL

	Headphones
	HD280 PRO

	Reference set
	According to Table 1 and batch processing script in section 8.3 of [1].

	Noise conditions
	Pub_Noise_binaural_V2 (nominal and +6dB)

	
	Outside_Traffic_Road_binaural (nominal and +6dB)

	
	Outside_Traffic_Crossroads_binaural (nominal and +6dB)

	
	Clean (no noise, two different recordings)

	
	Fullsize_Car1_130Kmh_binaural (nominal and +6dB)

	
	Cafeteria_Noise_binaural (nominal and +6dB)

	
	Mensa_binaural (nominal and +6dB)

	
	Work_Noise_Office_Callcenter_binaural (nominal and +6dB)


.

Summary of P.835 experiment results
The results for EXP 6 and 7 are summarized in Figure 1. The results for SIG, BAK and OVRL of 60 conditions (being 48 test and 12 reference conditions) are reported for each experiment. Results are sorted by OVRL.

It can be seen that both experiments exercised the entire range of degradations for the SIG, BAK and OVRL scales. About 67% of the scores for OVRL are >3.0 in both tests. This is in contrast with previous experiments conducted by the source where 3.0 represented the median of the scores for OVRL. This effect is observed despite an attempt to increase the range of degradations by including raised noise levels and AMR 5.9kbps speech coding.
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Comparison of P.835 results with re-trained objective predictor results.
Each individual sample used in Experiments 6 and 7 was processed by HEAD Acoustics GmbH using the re-trained P.835 objective predictor model. An average of the objective scores per condition (average of the scores of 16 samples), as well as the 95% confidence interval was computed and plotted against the results of the subjective test. Scatter plots for BAK, SIG and OVRL are shown in Figures 3 to 8 

Figure 3
[image: image3.png]Scatter plot of P.835 BAK scores and objective
prediction for EXP 6 (unmapped)
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Figure 4
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Scatter plot of P.835 SIG scores and objective
prediction for EXP 6 (unmapped)
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Figure 5
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Scatter plot of P.835 OVRL scores and objective
prediction for EXP 6 (unmapped)
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Figure 6
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Scatter plot of P.835 BAK scores and
objective prediction for EXP 7 (unmapped)

BLASS
, @-i‘ﬁ
1.; 15 2.0 25 3.0 35 40 45

N-MOS

50





Figure 7
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Scatter plot of P.835 SIG scores and
objective prediction for EXP 7 (unmapped)
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Figure 8
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Scatter plot of P.835 OVRL scores and
objective prediction for EXP 7 (unmapped)
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The Pearson correlation coefficient, RMSE and RMSE* performance parameters specified in [2] were computed for both validation databases and reported in Tables 3 and 4 along with results before and after 1st and 3rd order mapping.
Table 3 - Performance of objective predictor on NB validation database from EXP6

	
	
	SIG
	BAK
	OVRL

	
	Correlation
	0.96
	0.95
	0.95

	
	
	
	
	

	RMSE:
	no Mapping
	0.37
	0.32
	0.32

	
	1st Ord. Map.
	0.26
	0.30
	0.28

	
	3rd Ord. Map
	0.19
	0.30
	0.28

	
	
	
	
	

	RMSE*:
	no Mapping
	0.28
	0.20
	0.22

	
	1st Ord. Map.
	0.17
	0.18
	0.18

	
	3rd Ord. Map
	0.09
	0.17
	0.18


Table 4 - Performance of objective predictor on NB validation database from EXP7

	
	
	SIG
	BAK
	OVRL

	
	Correlation
	0.87
	0.99
	0.97

	
	
	
	
	

	RMSE:
	no Mapping
	0.45
	0.13
	0.36

	
	1st Ord. Map.
	0.36
	0.13
	0.19

	
	3rd Ord. Map
	0.33
	0.12
	0.16

	
	
	
	
	

	RMSE*:
	no Mapping
	0.33
	0.04
	0.23

	
	1st Ord. Map.
	0.28
	0.04
	0.12

	
	3rd Ord. Map
	0.25
	0.04
	0.07


For both validation databases the model meets the RMSE and RMSE* criteria from [2]. 
Additional observations

For EXP6, it appears that two devices are over-predicted by the model (device 3 and device 6) in comparison to the other conditions which are under-predicted. These two devices represent a condition of AMR 5.9kbps in handheld hands-free mode which was not present in the training databases. The confidence intervals for the objective scores were larger for these conditions (as high as 0.26). EXP7 also included AMR 5.9kbps in handheld hands-free mode but the same issue was not observed. Figure 9 is a scatter plot separated by device. The performance of the model is better if these two devices are not considered.
The source believes that under or over prediction of certain devices, algorithms, noise scenarios, etc. is possible with the use of any objective predictor and this effect should be considered if setting minimum performance requirements in TS 26.131
Figure 9
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In both experiments, the objective predictor seems unable to predict SIG scores below 2.13 or above 4.54. This is more clearly seen by looking at the scatter-plot on a per-sample basis (Figure 10 and 11) and was not observed with the previous version of the model.
Figure 10
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Scatter plot of P.835 SIG scores and objective
prediction for EXP 6 (unmapped)





Figure 11
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The prediction performance must be averaged across a range of speech material. It is suggested to use at least 16 samples in order to achieve a proper average and report a confidence interval for the objective scores. 
Conclusion

Statistical analysis results show that the retrained ETSI EG 202 396-3 model passes all RMSE and RMSE* requirements specified in EATS-6 [2] for the Qualcomm P.835 validation databases. It is suggested that the re-trained model reports the scores with an average as well as a confidence interval. It seems possible to further improve the performance of the model if the apparent hard limits for the SIG prediction are to be removed.
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